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INTRODUCTION

The curriculum development projects in elementary mathematics that
are described in this book are part of the government-financed educa-
tional reform movement which began in the United States in the 1950's
and continues today. The reform began with attempts to modernize cur-
riculum (particula:ly to make early schooling a better preparation for
later acedemic studies): to irject new knowledge into timeworn texts
and dated pedagogies. later the reform movement assumed an overriding
concern for the problens of teaching children of wide-ranging achieve-
ment levels in desegregated classrooms.

Eight of the reports in this book analyze American curricula
developed under funding from the Cifice of Education, the National
Inctitute of Education, or tha National Science Foundation. The ninth
report describes the concurvent reform of the mathematics curriculum in
the United Kingdom, undertaken by the Nuffield Foundation and the
National Schaols Council.

A1l of the projects described here were influenced by the experi-
ence of the early curriculum reform known as "the new math." That re-
form was an attempt to broaden and deepen children's understanding of
mathematics beyond rote arithmetic. Curriculum develupers believed
that if children were having trouble with arithmetic it was because they
didn't understand what they were doing when they performed algorithms
for addition, subtraction, multiplication, and division. The new math
wis intended te give children the concepts which mathematicians identi-
fied as underlyino arithmeiic operations. The mathematicians developers
also intended that even gride-school children should master and appreci-
ate mathematics as a mode nf thought and as @ foundation for later
intellectual endeavor rather than just as a set of tools for workaday
computation.

The first injection ov the new math into elementary classrooms
vevealed that its designers generaliy overestimated both children's and
teachers' capacity to understard abstract math concepts. The programs
that followed the first mati reforms--amony them some of the programs
reported here--‘ius attempted tu correct the apparent failings of the
new math: by returning to more conventional arithmetic, by rethinking
the manner and sequeaca in which the newer and more powerful concepts
were presented to cliildren, or by couching arithmetic learning in terms
that would sezm more nactural and relevant to chivldren.




The Prerequisite Problem: Preparing Teachers

However, the most immediate drawback cf the naw math was its dif-
ficulty for teachers thomselves. If teachers couldn't grasp it and
didn't accept its benefits, how could they teach it to kids? Thus the
jssue of teacher preparation for tecaching new curricula was the single
most critical probiem addy:ssed by the nine curriculum projects reported
here. The projects attempted solutions that range from updating and
deepening the mathematical education of teachers themselves by means of
inservice instruction, to reducing the influsnce of tre teacher in the
instructional process and placing main reliance on the curricultum
materials--making them “self-instructional” for pupils.

These same two soluticns--improving the teacner or bypassing tne
teacher--are the majcr alternatives that have heen tried as answers to
the probiem of individualizing instruction witiin racially and culturally
mixed classrooms. Thus the strateqy of individualizing by means of a
prepackaged, diagnostic-prescriptive system is a hailmark of some of the
curricula described here: others seek to individualize by giving the
teacher the responsibility to assess individual learning levels as well
as the flexibility to provide more diverse learning materials and activi-
ties in the classroom.

Implementation and Results

As all of these prcgrams were part of the research and developnent
mov=ment in public education, their developers shared a confidence in
the importasce of applying research {indings and new knowiadge to the
practical problems of ciazsroom instrustion, and of testing new cur-
riculum products scientifically and revising them according to field-
test findings before reltease to the nublic. As it has gained experience,
the R&D movement has learned that its instruments for evatuating--that
is, certifying--its products nave not been as scientific as had been
balieved. Developers' evaluation resulis are often confusing, or ambig-
wous, or based on such small or select sampies that they are not con-
vincing. Furthermore, the process of inteoducing a new curriculum to
teachers and children 75 & complex, unpreaictable enierprise that affects
avaluation; in nublic school roems it simply is not possible to control
all of the many variablaes chat powerfully atfect new curriculum experi-
ments. In broadest terms, this means that cevelopers, even during field
testing, have not been abie to assure that their programs are implemented
in the manner intended, and they certainly canno® control implementation
after the field-test slage.

A problem of implenentation for all nine of these programe (espe-
cially for those projecting a more decisive and improvisatory role for
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the teacher) has been the provision of adequate inservice prepdration.
By and large, school districts adopting any of these new programs have
not provided the length or depth of teacher preparation and ongoing
assistance developers had planned. In most cases, more teacher prepara-
tion has been needed, not iess, if an ordinary classroom teacher is to
1) approach the degree of competence in math that was possessed by the
developers and by teachers who trial-tested the new lessons, or 2)
manage the diverse array of materials introduced by the new programs.

A related but subtler aspect of the implementation evaiuation prob-
ler derives from the emphasis program developers have placed on teaching
children to think. Defining “thinking" as a whole series or clusters of
interrelated intellectual processes, or as prchlem solving, developers
of almost a11 the projects described in this book have tried to design
lessons and to sequence them so that deeper thinking processes=--not
just computation operations--would be stimulated in cnildren. A signif-
icant aspect of most of the programs described in this book is the
manner in which the curriculum content and teaching strategy stimulate
cognitive development or provide experiences in problem solving. There
is wide variation in the thinking styles of project developers, so that,
though they all may agree on the common goal of teaching children to
think, they go about it in very different ways. Some programs call for
preconceived, ordered, spelled-out lessons, strongly direrted by the
teacher. Others believe studeats should be led to make choices, explore,
improvise, make mistakes, and learn from them. A teacher's understanding
of and agreement with the developer's point of view about children's
thinking probably strongly influences her implementation of the program,
but this is not a factor that is taken into account in most program
evaluations.

These and many other problems of implementation mean that program
evaluators rarely are able to study truly comparable groups of children,
taught by truly comparabls teachers, in truly comparablc settings. The
result is that there is ¢s yet little convincing evidence about whether
children studying a new curriculum learn math better or faster than
similar children studying other programs.

Uses For These feport:s

- am——

This is not the book, then, in which the school superintendent, the
mathematics curriculum specialist, or the classroom teacher can find a
government-certified, guaranteed, foolproof elementary mathematics pro-
gram. Schoolpecple still must base program selections upon their own
educational goals for cnildren, their own assessment of their children's
needs in math, their district's resources, and their beliefs about how
children and ¢(cuchers learn.




The writers hope that these reports--saiipled from time to time, not
reaa all in a lump--will sharpen such judgments. Teachers, curriculum
coordinators, principals--their heads full cf kids and classrooms and
lessons that do and don't work--should critique and adapt the work of
university schclars and educational technologists. One way to begin is
to bore in on existing programs' goals, rationale, knowiedge cuntent,
and teaching strategy, searching for the heai:t of a curriculum under-
neath the words in promotional brochures and the appealing design and
packaging of texts and apparatus. s the progrom'e icaching strategy
cohalatent stth Tis gouls? Ave ils guals ous gouls? Can owr teachere
do EALE wrogranl Wil irey? it fw iy Wil they nead?  (an we afford
vl Who elec s tood LE? 0 Whar evidence o chere ther ot worxke?  The
section headings of these reports, generating such questions, might
serve as agenda items in framing one's own local orocram, tailored to
one's own goals and resources. If classroom teachers play an influ-
ential role in it, such a process may well result in adoption and
adaptation of several curiiculum programs within a school or a district:
acknowledgment of many teachers' experienced-based belief that no one
program works with all Kids.

The format of these reports vas designed to make comparisons among
orograms easy for the reader. Thus the first section of each report,
conie aml Batéona. -, 15 intended to spotlignt theoretical similarities
ind differences among programs, In these sections one observes two
major, apparent., contradictory curriculum theorias: that ot the
cognitive-deveioomental learaing theorists influenced by Dewey and
Piaget and that of the behaviorists influenced by Skinner. From the
second section, rerzr ., the reader can discern whicii of the programs
have a priority for introducing new elementary mathematics topics, and
which are comnitted to the basic arithmetic curriculum with some updating.
One can also select out programs that have similar content (like the
Madison Project and the Arithmetic Projzct or iPI and IMS), and then
compare their other aspects.

The thivd section, antitied clgueroca Seriom, highlights the style
of interactions oetwsen teacher and students and among students. Imple-
mentution, the fourth section in all the reports, provides detail about
what a school district needs to provide in order to use the program.
Here one can coumpare classroon organization requiremen*,, various forms
of inservice (Do you teach teachers more mathenatics and learning theory
or do you teach inen how to apply a prepackaged pruyram?), and costs.

In the fifth section, Irojuram Nevelopasnt and Evali aticn, are short
sketches of the history of development and the manner and results of
the developer's evaluaciun, as well as comments fron independent obser-
vers, Guwiary sections, at the beginning of each report provide thumb-
nail descriptions of the programs and basic information about content,
style, and avaiianmility.
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Curriculum Projects and Related Trends

Aside from their use in the process of amalysis and dr-ision making,
the reports can be read also as cas2 studies of the nrocess of curriculum
development, an educational ert cum sciance stil! in its infancy. As a
group of case studies, the book is a representative rather than a compre-
hensive collection of recent elementary math curricuium developments.
Several other developments are of equal interest. ;SMP (Comprehensive
School Mathematics Program) being developed at CEMREL, St.. Louis, pursues
the problem of designing a complete and completely new K-6 curriculum,
including student materials and teacher preparation. Froject Ore at the
tducation Development Center, Newton, Massachusetls, is seeking to com-
bine television and naturalistic math experiences in urban classrooms.
Project PLATO at the University of I11inois Curriculum Laboratory is
designing topics which can induce children to use computers to learn
problem-solving skills, A Canadian development, Project Mathematics,
influenced by Nuffieid, has been rransiated inte a text series available
in the U.S. from Winston Press. IPl math ic being revised, to incorporate
manipulative materials, at the University of Piltsburgh's Learning
Research and Deveiopment Center. )

As these more recent R&D projects have learned from the earlier
generation of projects reported in this book, 57 have the cormercial
textbook publishers. Careful analysis of publishers' new series. shows
the influence of Nuffield and Madison, of bejiavioral objectives, ana of
tie R&D programs such as Minnemast that combine science and math.

several of the projects described in this took respond to demands of
stronger guarantees about the performance of the teacher: developers
have structuced the lessons around behavioral objectives that clearly
ctate what will constitute a child's and a teacher's competency at every
level of instruction. These schedules of competency statements are com-
patible with the influential trend, in colleges and universities, toward
competency-based teacher education programs. in these programs, a list
of behaviorzllyv-stated competencies in classyoom management and in
teaching in several curricuium areas rdther than a series of courses
constitutes criteria for graduation. Some states are beginning to
require periodic re-certificetion of practicing teachers on the basis
of similar competency lists. The reports of JPL, IMS, DMP, and PIA
included hece presage and complemeni the competency-based approach to
teacher cducation,

Those urojects among these nine that have pleced priority on re-
educating teachers in mathematics by means of their own workshop-style
learning, have also had an impact on preservice and inservice education.
Math lab, active-learning inservice programs have evolved into a new
institution for the continuing education of teachers--the teachers'
center. In these informal learning centers stressing voluntary attendance,




teachers are encouraged to participate as actively and concretely as
their students, to self-assess and self-prescribe their needs for con-
tinuing education, and to request, design, and even teach the courses
presented in the center. In well-established centers some teachers
have gained enough expertise and confidence to design their own lessons
and materials. As this kind of work on the part of teachers takes root
in widely distant and differing settings. and teachers' home-made cur-
riculum products are exchanged and adapted, the idea of the teacher as
curriculum developer attains practicality and promise.




THE MADISON PROJECT

ERIC

Full Tt Provided by ERIC.
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iNTRODUCTION

i began the yeur with u lurge table ur the wear of the
roum get up as unm exploratory aqreuq in 'aoﬂomﬂtbcs. .o
Welgning anﬂ bolaneing was on inatant hit, greutly in
demand. I woticed that avern a3 children vert by the
table, they woulld quickly balance a pencil against a
handful of beans, a container of milk ugainat the metal
washars. . . . Ajter several monthe of this as free
plag (with ozeastonal quezstions frem me when I came by)
I added task carde which asked, "How many luans bulance
one button?" il so forth. . . .

This is the start of a report hy Patricia Post, a third-grade
teacher at P.5. 29, New York City, on her first four mouths of teaching
Madison math. Look1ng back in January on what had happened since the
Madison Frofect inservice workshop she had tzken during two full weeks
of August, Pat assessed what she had learned about Madison activities,
herself, and her 29 students.

The greateet chapes have bemn made or five geobourds'

After six weexe uf their coatilability for free play, I
grolucea 0% piper. Instant success: hurdreds Qf shapes
record PJ .« - T have been working in groups of 11 to

18, Following the tusk cards accompanying tne geoboards. .
Y o; vhe Loys in my clase who most resist reading,
who suntyibuze lictiz compersationaily, have the most acute
corenents about srages ow the geobourd. It seeme they are
quite willing to digouss (this) becauwe the material ie

30 tnterasting to them. o . .

This class had scored between the fourth and eleventh percentile
in arithmetic and reading in New York City achievement tests at the
start of the school year. A1l of these third graders came from homes
where Spanish was Spoken. They had not spoken English until they
started school.

T begon using boxse of very small spiit peas ard dried
bahy limas, asstaning fairly large two-place numbers to

be added and subsracted. A8 I hoped, the children earied
of the tiny matzriale and wanted to do something to make
their eoursing easier and fagter. Various ideus were
Fortheoming: raste gomz toge+her to make bunches, wrap
then in paper v put rubber bands around them, and eo




forth., Since the custodian was gasing at me frostily,
T produced a lurge box of tongue depressors and sugaestied
pasting 10 kidney beans on each depressor. . . . 4 large
pretzel boc became the Bank and small peas were traded in
for tens. Our adding and subtracting moved more rapidlu,
and I saw understanding of place value sooner than in

"hetter" classce of other years.

Pat had also taken a Madison Project course given as inservice the
previous school year. Teachers had learned and practiced lessons which
combined arithmetic with basic ideas of algebra and geometry.

I have tried to follow the (abstract) lessons as learvied
in the ingservice course. Began with Pebblae ir the Bag,
discoverad linguistic confusion about 'more and "less,"
have continued with this game intermittemtly. . . . Doing
wumer Line work, leading to dissovery of negative numbers,
they first called them "behind zero ones." One of my
ordinarily uninterested boys began calling them "negative
one, " "egative two," ard so forth, after my use o) this
term for Pebbles in the Bag answers. . . .

This ig the beginning of my fourth year of teaching. Ilsing
the math workshop approach and Madiaon Project ideas 1

am having o much fun this year that I can't believe ti.

My class is third or fourth (in supposed ability) out

of five third grades (in the school). But they and I

don't know it!

Patricia Post i1lustrates the Madison Project's aim of improving
mathematics instruction by educating teachers rather than by producing
new texts or work materials for students. The project director, Robert
B. Davis, says they do this because they believe students don't learn
textbooks; rather they learn the things that are valued in the culture
they're in. He believes that studen.s will learn mathematics if they
can be in a classroom culture where mathematical things and thinking
are part of the action.
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Program name: The Madison Project

Format: Coyiections of lessons on modern math topics and active-learning
or math lab approach, disseminated by inservice courses. '

Uniqueness: Topics integrating algebra and analytic geometry with
arithmetic. Dissemination by inservice training rather than texts.
Teaching style stressing "discovery" experiences and concrete
materials.

Content: Number and algebra (signed numbers, Cartesian coordinates,
variables, bases other than 10, functions), measurement, gecmetry,
logic.

Suggested use: Enrichment to the basic arithmetic curriculum.
Turget aulievce: Students of all abilities, primary through junior high.
Length of uge: Teacher's discretion.

Aids for teachers: Films of fully worked-out lessons being taught in
classrooms. Student's kit and teacher's startup kit of manipulative
materials. Inservice training courses, "live" or packaged.

Date of publication: 1964 through 1972.

Director/Developer: Robert B. Davis directed The Madison Project when he
was a Syracuse University professor. He is now director of the
University of [11inois Curriculum Laboratory, 1210 W. Springfield,
Urbana, I11. 61801,

Distributor: The film series for teachers, 4 Concrete Approach to
Introductory ldeas in Mathemitics, is from Houghton Mifflin. The
teacher's startup kit of math workshop materials (Maths Minilab)
~omes from Selective Educational Equipment, Inc., 3 Bridge St.,
lewton, Mass. 02195; student's Siogbox Xita from H&M Associates,
Box 1107, Danbury, Conn, 06810; Davis' teacher texte Discovery
in Mathematics and Explorations in Mathematice are from Addison-
Wesley. Madison Project teacher's manuals, films, and aeveloper-
conducted workshops are available from the Madison Project,
Curriculum Laboratory, University of 111inois, Urbana, I11.




1. GOALS AND RATIONALE

1.1 Goals

The seed of the Madison Project was Syracuse University professors’
experience teaching in public schooi classrooms in order to improve their
math courses for prospective teachers. As the project grew into the
development of a series cf teaching episodes in modern math topics, its
bent was always to improve teachers rather than to design products. The
teachier was seen as the most powerful influence for inti-oducing new math-
?matics topics and for changing the setting and style in whicin children

earn,

The project conceived of mathematics as a process for understanding
and organizing experience rather than as a wollevtion 0F knowledge and
procedures. Thus it called for a classroom in which the student can
have real-1ife rather than textboock experiences and can use his insights
about these experiences, with the teacher's leadershir, to formulate
and organize mathematical ideas. Since so few American schools provide
such settings for students, and so few teachers nave mastered a style
which fosters the student's independonce but does not leave him entirely
on his own, an essential goal of the Madison Project was to give scheol
people examples of new ways and to help them chanje if they wished.

The project also intended to contribute t¢ a general broadening of
the traditional school curriculum, which has offered only arbitrary,
"narrow slices" of knowledge, in the view of Madison Project director
Robert B. Davis. Mathematics education ovugnt to teach children to
"learn how to learn,” not just how to coipuie. Davis predicted the
automation of aritimetic by low-cost calculating machiines. He main-
tained that today so much knowledge is oroduced so fast that the average
mind can't take it all in, so remembering will Le a less important
skill for people than investigative methods of thought.

At the start the project shared with "new' physics, "new" grammar,
tnew" social studies, ot al, the gual of revealing the stiucture of a
discipline znd methods fer obtaining "interpretive knowledge" rather
than facts, su that eventually ordinary citizens would be #ble to

understand better and share in decisions of our technological society.

The Madison Project also wanted to prepare all kinds of students,
not just the college-pronz, for all kinds o¥ mathematical tasks in
later schooling,

There are three kinds of mathematics: conerate, com-
rutasional, and gensralizatior. A1l three must be
taught at all levels. . . . In this wuy, hopefully,
all learners can learn not only how to solve it but




why 1t works. . . . Those who are mathematical have
always been and will continue to be able to build their
own bridges of understanding. . . . Methods for
teaching the others--the average or the slow--require
the use of manipulative materials. The children need
to see for themselves and do it over and over before
they can internalize any working concept.!

In his 1967 teacher text, Emplorafionshin Mathematics, Davis offered
this list of specific cognitive objectives for mathematical growth in an
individual student over the years: '

1.
2.

Develop ability to discover patterns in abstract situations.

Develop independent exploratory behavior that goes beyond
anything the teacher suggested . . . and sees open-ended
possibilities where others would see only the assigned task.

Master important techniques.

Know basic mathematical facts; for example, the fact that
=1 x "1 = 41,

Acquire a set or mental symbols which he can manipulate
in order to try out mathematical ideas; for instance, the
above notation for negative and positive numbers.

See math in daily 1ife and in a natural relation to other
school subjects.

Learn the really fundamental mathematical ideas; such as
variable, function, graph, matrix, isomorphism, and so on,
early enough in life so that they can serve as the founda-
tion for subsequent learning. This includes using some of
these ideas as "systematic apparatus" for doing arithmetic
coniputation.

Davis also spelled out a*tiiudes which the project aimed to impart
to teachers and students:

1.

L~ T VS B A

Belief that mathematics is discoverable, not given; and
discoveruble by me,

Ability to assess his own ability honestly.
Valuing of abstract rational analysis.
Valuing of the shrewd guess.

Feeling that math is fun, challenging, and rewarding.

12




1.2 Rationale

Mathematics is not the destination. 1t's the trip. The single
proposition on which the Madison Project rests is that math is not
"a collection of facts, definitions, algorithms, or explicit procedures
which mathematicians in the past have alreadv arrived at." A1l of these
will be used in doing math, Davis wrote, but the doing itself is the
important thing, not its "result," or "the answer."

The thecry is sometimes explicitly stated either

that siudents lack the ability to get beyond "facts"
or else that, whatever your goais, "you must begin
with facts." It is the Madison Project's contenticn
that neither of these statements is true. Quite the
contrsv: students can move beyond "facts" and deal
with "processes," and many students perform better
(and enjcy schoel mwore) if the school program focuses
on "reasonable tasks"--that is, on processes--and
deals with)facts incidentally as they relate tc these
Drocesses. <

The project-designed lessons and activities stress stories, games,
and toy-like learning materials because of developers' belief that
children should learn new ideas in a context in which they use the
ideas as tools to do meatal work that is intirinsically interesting to
them. Such an approach is in conformity with developnental learning
theory influenced by Piaget. Providing concrete, play-like. “"daveiop-
mental" activities preceding abstraction and practice of skills, is
thought not only to improve children's attitude to learning but to
increase their mastery of skills.

At leasi four studies have found that classes spending
about 75 percent of the mathematics time on "develop-
mental activities" score higher on achievement tests
related to problem solving, computation, and concepts
than those spending 7% percent of their time on drill-
related activities. . . . The children who spent most
of theii time working on developmental activities were
better in computation than those spending most of their
time practicing computation. Uhat are the developmental
activities? . . . discussions of the whys and hows of
the topic of study; pupil reports and expiarations of

the approaches that have been developed; pupil and
teacher demonstrations of significant ideas being
studied; sinall-group and individual handling, inspecting,
analyzing and arranging visual and manipulative materials;
individual or small group exploration to find alternative
means of finding solutions tn mathematics exercises;
solving and irventing puzzles and games related to the
topic of study: and engaging in laboratory activities
related to the topic.




The Madison Project rejected the curviculum development approach
that sought to construct "hierarchies" or "continuums" of "skills." In
a conversation with mathematics professors Marilyr Suydam and C. Alan
Riedesel, Davis explained his reasons for doubting that there is one
essential body of knowiedge all students should learn, or one optimum
order to learn the parts in:

(1 have experience) that people can dc what they have
to do when they really want to. Not all university
professors would agree to my view--sorie would say,
"Well, now, we can't teach anything to a kid who
doesn't know thus and such." Personally, i have

yet to find that essential "thus and such," the real
sine que mon . . . except that you do have to be
able to count to get very far in arithmetic. . . .
Zacharias once said, if you'd allow infinite lists

of behavioral objectives, maybe you could do it . . .
(but) very often the most important ones can't be
stated behaviorally. . . .

A 1ot of math lab objectives are experience objectives.
The (class) should have this many experiences with the
geoboard; now, one student learns area, somebody else
learns the triangular shape, and somebody else just
played with it, sut maybe the next time he'll get

some insight. Now that begins to make some honest
sense.

Thus the Madison Project placed little emphasis on sequencing lessons
or testing for mastery.

2. CONTENT AND MATERIALS

2.1 Content FocCus

Robert B. Davis thinks of Madison math topics as "yeasty" additives
to the arithmetic curriculum, claiming their small injection of newness
can produce big changes in the traditional program. At the start of
the project tha "yeast" was compounded of modern math subject matter--
topics combining arithictic, qeiomatic algebra, and coordinate geometry--
plus the discovery method--the teacher leading the whole class to
develop mathematical ideas from stories, games, and board work. Later
the project added an active-iearnirg or math lab approach, in which
children get their first introduction to mathematical concepts by
experimenting with concret2 objects and apparatus. Algebra and geometry
are meant to give the student more various and powerful mental tools
with which to do arithmetic.
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Some who have heard that we must make arithmetic
meaning wi cannot understand why children exposed to
the gbetract mathematics of the Madison Project take
to it with such evident enthusiasm. The answer may
be quite simple. The children do think more cre-
atively when the ideas are ncaningfui, but the meanings
do not have to be concrete! 1f we are careful the
child can enjoy it every bit as much as if it were
more concrete. . . . A derivation is much more fun
to fifth graders than a problem on percent markup in
retailing., . . . It is easy and natural for children
to handle abstractions--it is we adults who woirvy
about taxes and double-entry bookkeeping.5

Davis maintains that Madison subject matter is essentialiy conserva-
tive because it includes accepted basics such as measwremcni axd jeowetry
(emphasizing work with coordinates and shapes rather than with theorems
and proofs), or treats newly important areas of mathematics such as
logie, probakility, and ecavistics.

The Project emphasized ties between math and science;, for instance,
it recommended many of the teaching units and apparatus developed by the
Elementary Science Study (published by McGraw-Hi11), as well as combina-
tions of nature study and wath.

2.2 Content and Organization of the Subdivisions

There is no one Madison curriculum, but rather several different
collections of "informal learning experiences" or lessons. These are
thought of as versatile supplements to be introduced into "nooks and
crannies" of whatever basic arithmetic progrem the teacher is using.
These collections are availabie as films of full length lessons, in
packaged inservice training courses, and through school district~
sponsored inservice workshops for teachers. They are:

1. Primary course for preschool through grade 2, emphasiring
countirg.

2. Course of discovery exercises unifying arithmetic with
algebra, geometry, and physical science, which can be
used between arades 2 and 8. or for clder students,
depending on tne school.

3. Discovery ccurse above plus active-learning 1essons
stressing manipulative matzarials, small-group work, and
individualized instruction. This grouping of supplementary
lessons became the main thrust of the Madison Project.

4. Ninth grade course for college capable students.




Following is a list of topics which have been developed into the lessons
which comprise the various collections:

Counting experiences with counters and with graphs

variables

Open sentences and truth sets

Signed numbers (positive and negative numbers, integers)

Coordinate geometry (Cartesian): truth sets and linear graphs

Place value numerals using counters

Using tne number line for solving equations, practice with
firactions, concept of identity

Aritimetic with signed numbers

Practicing variables, open sentences, and signed numbers by
means ¢f quadratic eguations

Mathematical logic: truth tables and inference schemes,
many-valued logics, two-valued logic

Functions

Mapping or transformations

Matrices

Arithmetic with Dienes multibase arithmetic blocks

Arithmetic with Cuisenaire rods

Geometry with geoboards, mirrors, concrete materials

Measurement: length, height, volume, area

Empirical statistics. average and variance

Measurement and arithmetic from maps and timetables

This tist should be thought of as representative rather than all-
encompassing, for the major means of dissemination of Madison "learning
experiences" is the inservice workshop, and no two workshops cover
exactly the same topics. Nor are all Madison-recommended topics the
original work of Medison staff. They recommend units, apparatus, and
exercises develoned by otner educaturs and curriculum developers, as well
as new ideas worked out by students tnemselves, always giving credit
to the originators. HMadicon Project content thus includes ideas and
apparatus developed by England's Nuffield Project, the Elementary Science
Study, the School Mathematics Study Group, the University of I1linois
Center for School Mathemnatics and its Arithmetic Project, Caleb Gattegno.
Zoltan Dienes, Burt Kaufman, Robert Wirtz, and many others.

Madison Projecl materials compare with other mathematics curricula
about Lhe same way a coukbook compares with a line of TV dinners,
Madison sets forth a distinctive approach to teachirg plus selected,
"kitchen testad" recipes but places the responsibility for the finished
"dish" on the seacher. By contrast, other curricula provide lessons
ready-made and packaged and ask the teacher only to "heat and serve."

[f Mauison materials are like a cookbook, the project itself is
rather 1ike a cooking schuol, intent on the yradual introduction of a
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whole new mathematics cuisine into American schools. At the start ihe
teacher may learn to prepare and then serve to her studenrts just one or
two new Madison recipes. As she gains experience she tries out more and
more new recipes, adds tham to her basic entrees, and gradually transforms
the mathematics bill of fare. The content of Madison math and the way it
is organized are expected to be different in every class.

Sequencing. A reconmended sequencing of the signed numbers, alyetra,
and Cartesian geometry topics is found in Mmeervice Courses T and in
Diecovery in Mathonatics and Eaxplorations in Mithematics, the teacher
texts written by Davis. Al1 Madison teaching--of teachers as well as
of children--is characterized by spiral sequencing of topics, which
cavis calls "the light touc¢h."”

A subject is not pursued too heavily within a single
session, but recurs from time to time and in various
guises, until it becomes familiar. . . . Thus we get

a sequence: very rough ideas, rough id2as, moderately
refined ideas, more minutely detailed ideas. . . . We
advocate a sequenze wherein the child first gets experi-
ence, then (as a r~ecult) develops intuitive ideas, and
finally strives for explicit words and symbols tec de-
scribe his experience. b

This sequence is ordinarily spread over several encounters with a
topic such as Cartesian coordinates. The teacher first chooses a topic
that is in keeping with the basic arithmetic text and the students'
abilities and interests. Having introduced it in an ooening learning
experience, she will return to it from time to time and introduce new
activities which review and extend the topic. Or she may decide to put
a topic asida for a time, finding that children don't grasp the concept.

Davis assumes that any good teacher will learn how to seauence.
This won't be perfect but it will be no worse, Davis believes, Lhan the
mistakes that are made when tightly structured, graded textbooks are
applied across the board. :

2.3 Materials Provided

Student. A1l of the Madison Project materials are designed for
the teacher to acapt to the needs cf students. Robert Davis' Shoebox
Kits are a set of six different apparatus and games, each with task
cards which the teacher can use tu make work projects for individual
students or smalil groups. The apparatus are disks, geoboards, centi-
meter blocks, weights and springs, the peg game, and the tower puzzle.
Don Cohen's iaths Minclab is a starter set of manipulative materials for
a teacher at the intermediate grade level., It can furnish a variety
of math projects for individuals or small groups and also serve as a
model of materials the teacher should gather or make in quantity.




Following are some of the things the ..in7.ub contains: beans, clay,
rubber bands, Cuisenaire rods, color cubes, base-3 blocks, geoboard,
plastic mirror, ruler, tape measure, pattern for a homemade slide rule,
compass, protractor, map, map measurer, railroad timetable. This kit
also provides task cards, stating open-ended problems for students,

and a guide for teachers, which cues the task cards and the apparatus
to math topics in the basic curriculum.

Acdison-Wesley's Liscovery and Fxplorations Student Discussion
Guides, accompanying the teacher texts mentioned above, are designed
to be used during whole-class or small-group lessons led by the teacher.
These books contain discussions, stories, games, and exercises on topics
interrelating arithmetic, algebra, and geometry. The student pages are
reproduced in the teacher texts.

Teacher. The Jiszovery and Explorations books and Cohen's Inquiry
i Jathematics Via the Geo-board (Walker, New York, 1967) are Madison
Project textbooks for teachers. However, inservice workshops sponsored
by school districts, colleges, and/o: the National Science Foundation
have been the major means for spreading Madison Project curriculum inno-
vations. Such workshops are taught by teachers who have used Madison
methods.

In the absence of experienced Madison Project teachers to lead
workshops, there are available 2 kinds of filmed inservice courses.
The first is Houghton-Mifflin's The Madison Projest Films, a 12-film
series subtitled "A Concrete Approach to Introductory Ideas in
Mathematics." These 16mm black and white films, lasting from 5 to
15 minutes each, show classroom teaching in primary grades, in which
washers, beansticks, number lines, geoboards and other simple manipula-
tive objects are used to convey concepts in place value, addition, sub-
traction, multiplication, division, fractions, and area. The teacher's
handbook accompanying the film series provides Robert Davis' commentary
on the Madison Project approach in general ard the filmed lessons in
particular.

Another packaged, film-based inservice course on the Madisun Project
is that produced by the project staff: Supplementary Modern Mathematics.
1t is also a series of 16mm biack and white films showing classroom
lessons, with a teacher's workbook providing commentary on the lessons
shown, plus discussions ard exercises for the teachers themselves. The
topics developed in this film series are in algebra, Cartesian geometry,
signed numbers, and fractions. A group of as many as 30 teachers can
manage this course by itself with the help of a discussion leader who
has participated in a Madison Project workshop. The course requires
from 10 to 15 1 or 2-hour sessions. There is also an advanced
course, Supplementary Moderm Matheratics II. They are available from
the Curriculum Laboratory, University of Illinois.
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Thesa packaged courses should be used only by teachers wiho accept
the Madison Project's basic approach of informal, discovery-style
teaching, and who will invest effort to teach themselves.

The films which are used in the insarvice courses are excerpts from
the videotapes of more than 60 complete cliassroom lessons made by the Madison
Project in the early 1960's. The uncut films also are available from
the Curriculuin Laboratory at I11linois. Many of these lessons arc aiso
available as tape recordings.

2.4 Materials Not Provided

The teacher is responsible for gathering the concrete objects,
counters, and math apparatus she #will need. As mentioned above, the
wthe Minileb kit provides a model of what to gather for intermediate
grades. Besides duplicating what's in the kit (if she waits to use
activities for many students or a whole class at once), tne teacher
must add graph paper, construction paper, timers, toothpicks, milk
cartons, a math balance, beans, dice, games, and much, much more.

Children nead to experience a richness of things, not only to
use in their work, but also to halp them learn to sort out that which
is pertinent from the mass, Cohen says. He urges teachers toc furnish
their classrooms with interesting and provocative "junk," and toe
welcome children's additions of whatever they find fascinating. (But
not to treat it as junk; rather to store it in an orderly way so that
it is attractive and accessible to Students.) Such materials should
be varied in composition, surface, finish, color, thickness, so that

they raise questions "of observation, of structure, and of feel."

These are not immediately mctnematical questions,

but if children are to be able to see thz math in
their activities, the patitern ard order which are
implicit, they need the experience of "seeing tnrough
the noise," (that is, the diversity and the distrac-
tions) to the immediate problem at hand. Something
which is all metal or all wood . . . paper cutcuts

which are all one color or all one texture . . . ¢
tend tg ~estrict a child's observations to a narrow
field.

3. CLASSROOM ACTION

3.1 Teaching-Learning Strategy

"Do and then discuss" is a nutshell definition of the Madison
Project theory of instruction. Project staff believe traditional
teaching is too verbal. It makes alk ulout math a focus of attention,
whereas the project puts the emphasis un "doing something active that
smbodies the relevant mathematics."”




In the eyes of some teachers we do not present
"lessons." What we do instead is to suggest to the
children une or more mathematical tasks, and then
work with them, unobtrusively, as they devise their
own methods for tackling the tasks. (wWe begin with
tasks rather than with definitions because) we try to
have ihe students learn concepts in context. Every
mathematical cencept or technique was developad to
aid in attacking some kind of problem. Whan we tear
the concept out of this discussion and attempt to
state it .. vacuc. we render tne concept unintel-

ligible. . . . The concept unfolds naturally (if
we help ih2 student investigate) the nature of the
task.

We try to see that the mathematical tasks possess
intrinsic motivation: the task itself cries out to

be done. Exampies might be finding a key word in a
crossword puzzie or finding a long-sought piece in a
jigsaw puzzle. HWe make very little use of extrinsic
rewards--indeed, some research appears to indicate
that extrinsic rewards can stand in the way of genuine
creativity.

Passive roles, such as listening to a lecture or reading
exposition, are usually avoided. Tihe "active role,"
however, may refer to mental activity as well as to
physical activity. The child who leaves class with a
Jook of puzzled involvement is playing an active role
quite as iuch as the student who is making a measure-
ment wiih a meter stick.S

A characteristic Madison technique is to get students' participation
by asking them to make up the problems. Students name the amounts on
the checks and bills in Postman Stories and the prices of the pets in
Petshop Stories, both of which are used to teach signed numbers. They
specify the numbers in the ordered pairs they plot on graphs.

The Yadison Project is & Foremost advocate of discovery learning.
Here is what it means to the oroject staff:

In every lesson we iry to have opportunities for
discovery lurking just beneath the surface . . .
sometimes an essential part of the lesson but often
going beyond (it). The point here is to get the
children in the habit of "looking for patterns”
whenever they are working in science or mathematics;
the discovery of such patterns is, after all, the
main davice by which science moves forward.
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We try to avoid 4n authoritarian atmospnere . .
(and) provide ¢ .nomoue Feefsice procedures,
whereby a student can distinjuish true statements
from false statements .oi‘huu’ recourse fc the
teachesr 2w +o Looba,  For the very young child,
the process of counting often serves. Is it true
that 2 + 4 = 77 If the child can count reliably .
he can settle for himself the truth or falsity of
the statement.9

Jiscovery learning depends on the self-confidence that such self-deciding

pro?edures engender in children; it is impeded by children's fear of
failure.

Whenever possible, withhold value judgments. Students
become conservative if they feel they are being judged;
they become more creative when they feel they are

4 being appreciated.10
. . . What is important is the creative originalit, of
(children's) own thinking in relation to their own "

experience. We have witnessed many original mathamatical
inventions or creations by childran . . . The main

factor was that the teachers respectad the children,

that they believed in tne child's ability to think for
himself . .

The project does not gloss over the difficulties of assuring that
children learn in a nondirective classroom. It acknowledges the danger
that math activities can be done just for activity's sake, with littie
or no math arising out of then.

1f we leave the children toc much on their own, ve
may be failin? our respornsibility. The class may
drift aimlessly, or the children may learn far less
than they might have learned. Yet if we steer tod
much, the children lose initiative. . . . There
probably is no general answer which applies to all
teachers and all classes at all times. What we can
do is to try to observe ourseives and see which error
we make more often--allowing too much drifting or.
imposing toco uuch adult interference. We ran avoid
too much teacher talk and too little child response. .

We can also remember {that) children cannot
choose to do something they have never even heard
about. We must acquaint them with many attractive
alternatives if they are to exercise any right of
selection.




The Madison Project materials should not be identified
with either the "drill it into 'em" point of view, or
with its apparent negation, the "wait until they are
older and ready for harsh abstraction" point of view, 12

Whether or not developers' scripts for discovery learning ever get
played out in the classroom depends almost entirely on the teacher;
first, how she sezs her role v*s a .5 the students, and then how well
she learns to play it. Students will not play their parts as explorers
and discoverers if their teacher is being a Rule Giver and Answer
.Certifier, nor if she is simple a buddy saying "do your own thing." The
discovery-style teacher must be a keen observer, a supportive and stimu-
lating leader with lots of ideas, and an authoritative resource.

Lesson format. A pattern oifered by the Madison Project to teachers
to help them devalop their discovery technique goes like this:

1. First begin (if necessary) by recalling those key
words, experiences, notations, etc., from previous
lessons that will be crucial in today's lesson.

8

Second, do something. Have the children actually
carry out some octivity or happening.

3. Thirdly, as the occasion arises, and as it becomes
appropriate, discuss what the class has just done.

Avoid asking children to discuss things they have never
done, . . . A definition is more nearly the place to
end up rather than the place to start.

The project would not begin an elementary school class
on the idea of functions with a definition of "function.”
It wouid, and does, begin with Warwick Sawyer's procedure
of haviag some children make up a rule (such as “"whatever
number you teii me, I'11 double it and add seven"), which
is kept secret but used (to work out a table) such as:

A
T 13
4 | 15
5 | 17
10 | 27

The children who don't know the secret use the table to
attempt to guess the rule and even to write an algebraic
formula to express it, such as: (Ox 2) +7 =4.13

~N
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Teachers attempting discovery for the first time may rely mainly on
the playful but educational qualities of good manipulative materials,
rather than trying algebraic yames like the one discussed above. But
Donald Cohen cautions, "Materials alone will never create for children
a situation which is vich for learning." The teacher must provide
equally important ingredients for discovery:

There must exist a certain amount of order: a place

to keep materials, a notebook for recording results,

a time for clean-up, a limited noise level, a sharing

of responsibility, and an awareness (of what each

child is learning from each day's task). The vhoie

class or part of it siould come together for discus-
sions, for lectures, for excursions, and for reporting

to each other: but much of the work should be independent
and should be performed individually or in small teams.
Eventually a collection of well developed and illustrated
writings (related to the working experience) shouid be
the joint preduct of small groups or of whole groups, 14

3.2 Typical Lessons

The Pebbles in the Bag game is a way of introducing tlie idea of
signed numbers as early as first or second grade or possibly as late
as junior high. The following description of the way to play the game
and what it's supposed to teach is adapted from the project's Insgervice
Training Course I, which is designed to be self-taught by a group of
teachers using instructional notebooks keyed to a series of films which
show the topics beinj taught in a classroom:

We have a bag containing a large number of pebbles.

We do not know how many pebbles are in the bag at the
outset. We never use this number. (This is not a
counting problem.) We have a large number of pebbles
not in the bag. We begin the game by having some

child say "Go!" This establishes our arbitrary refercnce
point. We have another child put as many stones as he
likes into the bag, and we write the number on the
blackboard: let's say it's tour. \e say, "Are thers
more Stones in the bag than there were when Jack said
'6o,' or are there less? . . . How rany more?" Another
child takes two stones out of the bay and we write

that number on the board. We now have on the board:

4 - 2. "Are there more stones in the bag nov than when
Jack said 'Go,' or less?" "How many less? How do we
write this?" We ncw have on the buard: 4 - 2 = *2.
"How do we sead this?" "Positive two" is written with
a small plus sign written above the middle of the line
so that we will not confuse it with the sign for
addition. ("Negative three" would be written similarly,
as -3. It avoids confusion if we use two different.




symbols and two different words-to express two different
mathematical concepts.) . . . Continue the game with

a different student choosing either to put pebbles in
the bag or take some out, specifying how many. Keep a
record on the board of each transaction with pebbles

and have the class say whether it results in more or

less total pebbles--expressed as "positive" or "negative"
numbers. -When a new student says "go" this is a new
arbitrary reference point and the start of a new game.

The topic of cigned numbers is extremely important as
one gets into work in algebra and science, and can even
be important for work in arithmetic. There are many

nossible tie-ins with other school work; for exampie,
tenperatures helow zero are ecsent1a11y expressed as
negative numbers . . .15

This learning experience is ordinarily followed by drawing pictures
of or constructing real number iinez, always extending in both directions
from a point children choose as zerc. Then can come introduction of
orossed number 7 .nes--one horizontal and one vertical--and children naming

ondered patirs of numbers (for instance, "3, 2") to describe points on a
grapn between the crossed number iines.

The number line yives us a valuable way tc picture
numbers. From another point of view, it lets us use
numbers to describe points on a line.

Bv crossing two number Tines, we can use an ordered pair

of numbers to describe ponnta in the plane. This invalu-
able device was first thought of by Rene Descartes (1596-
1650) and is the foundation of much modern work in mathemat-
ics (what is variously called "Cartesian geometry," or
"analytic geometry," or “"coordinate geometry").

The point on this graph is callea (3, 2). The first
number in the pair refers to the norizontal number line.
. The secund number refers to the verticel.
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We count from the heavy lines (known as "axes"), and we
count "city blocks" rather than "intersections."16

.These topics, which interweave with each other, also combine with
previous learning experiences about open seniences, variables awi trutn
sets to make another topic, jraphs for truth sets, Or linear squations.

The aim of these experiences is to give students opportunities to
discover patterns in number ralationships. Of course, teachers have to
sec these patterns for themselves before they can teach them.

Another typical Madison learning experience uses the timetable of
any railroad. This activity is taken from task cards in Donald Cohen's
Maths Minilab.

Find the d:.tance between two big cities. Check the
scheduled rurning time and see if you can figure out
the train's average speed on that run. Try it for
another two cities.

Find the fares between two big cities. How much does

it cost per mile to go by train? Is the cost per mile
the same between two other cities? 17

3.3 Evaluation of Students

The Madison Project recognizes that if a school requires a teacher
to guarantee that every child in class shall pass some quite specific
examination, the teacher probably will resort to rote teaching. ("Don't
think; just do it -zactly like this . . .") Tests thus are seen 2s "a
dangerously narrow goal" which the teacher has to approach by a "danger-
ously narrow path." If the teacher must test, then any standard instru-
ment will do for arithmetic, the project director, Robert Davis says.
What is tested in this way should be truly a "basic minimal core," not
including long division. When you jet into "the breadth that converts
arithmetic into mathematics," you need to evaluate by observing students'

classroom activity and their graphing and written reports of experiments
and experiences, Davis says. .

The Madison topics in algebra, coordinate geometry, functions, and
the rest, could be evaluated by using exercises from the Discovery and
Explorations teacher texts, which cortain answers. Inservice courses
also contain exercises and answers on these topics.

How could you use pieces of string on a number line
drawn on the blackboard, to indicate addition (for

example, 2 + 3 = 5)? How could you use the striny

to locate 1/2? 1/3? 1/4? 2-1/2?
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Using only integers, can you locate five points on
the graph for the tiuth set of the open sentence
(1 xO)+3=47

Do the formulas (g + 2) x 3 =4 and 53 x()) + 6 =0
represent the same function, or not?18

Diagnostic instruments. Present-day tests aiming to measure
achievemert are far from the Madison Project concept of education, which
is influenced by Piaget's work on the stages cf children's cognitive
growth. The project worked with Cornell's Center for Research in
Education to devise instruments for assessing the child's cognitive
processes rather than his mastery of conzent. They daveloped an unstruc-
tured classroom interview between a mathematician or teacher and a child,
similar to the Piagetian clinical interviews. (In England tne Nuffield
Project also has developed a Piagetiar interview for diagnosing pupils’
learning stages rather than for measuring achievement.) The interviewer
engages the child in arithmetic problems or activities, and the two talk
informally about the work. Interviews so far have been with children
who are having specific problems, and typically the irterview starts
with a topic the student knows and ihas confidence in and proceeds to a
skill he can do only by rote, or which he fails to do. The interviewer
noncommittally observes the work the child s doing until the student
himself becomes aware of a mistake or doesn't know how to go further.
Only then does the interviewer point out the child's misunderstanding
and gives a hint as to the correct approach. In this way the interview
serves to pinpoint the child's difficulties and also to teach him at
the precise timne when he is awara of his problem.

Several such interviews have been videotaped in order to provide
accurate ohservations which can be referred to over and over again. These
have brought to light unsuspected holes in students' mathematical tninking.
While standard protocols for conducting interviews have not been developed,
the videotapes show technigues an experienced teacher could adapt. A
paper by Robert Davis and Rhonda Greenstein is an example of the diagnosis-
plus-teaching that can be done. ("Jennifer," New York State Mathematics
Tegciwrs Jounnal, 18 [3], June, 1969.)

The videotapes also reveal that children's knowledge of mathematics
is "extraordinarily complex and often much different from what we supposed,"
writes Harbert Ginsburg of the Corneil center. The "startling coniradic-
tions, unsuspected strengths and weaknesses" which have shown up on video-
tape help to explain why standardized individualized instruction curricula
do not yet work as well as expected, Ginshurg claims. "Standard tests
focus merely on tha child's ability to come up with correct answers."1
Correct answers have never been the goal of the Madison Project. "A
correct answer doesn't prove the student understands the algorithm he has
performed; a mistake doesn't tell why he made it," says Ezra Heitowit, a
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mathematician who conducted sevaral videutape interviews., "To see wnat
children do on paper is not enough. It duusn't tell what they're thinking."
Further discussion of these ctinical inierviess is preiented in Ginsburg's
The Mysh of the Deprivel JA1LD (Drentice-Hall, 1972), and in Stanley
Erlwanger's articie, "benny's Conception of Rules and Ansuers in IP1
Mathematics" in :ne Journal ~f Children'e riamaéioa! Beagvior for November
1973.

4. IMPLEMENTATION: REQUIREMENTS AND COSTS

4.1 School Facilitias and Arrangerenis

The Madison Froject approich and materials ave particulariy suited
to nongraded schools and to departmentalized reacihing in which there are
math specialist teachers, but they are usable alsc in traditionally
graded schools with ona teacher to each class. Suwe Madison teachers
Tike the idea of a separate room in the school to he designed as a
mathesatics envisgnnent and prasided ovir by a m2in specialist teacner,
but others say that active-lecrning materials fvwr math should be in an
activity area in the classcoom itseif so thot all subjects ave inter-
related and children can move according to their own interests from one
kind of schoolwork to anuther. The project rccommends Edith Biggs' and
James MacLean's book imezdon to Licwn (Addison-Wesley, 1969) for iis
illustrations and instructions on hcy to furnish and arrange an active-
learning classroom. The math center should be a place where students
can work with apparatus and real materials--including messy things like
sand and water--and where thev can move avound and talk with one another,
It must be equipped with ample, versatile stoiraye equipment.

4.2 Student Prerequisites

At the primary level the only prerequisite for starting to learn
some Madison topics is the alilily to count. This 15 true alsoc for
intermediate-level children in classes where the whole ciass works together
under the direct supervision of the teacher. However, intermediate-level
children who arc sel o work on thair own in an individualized math lab
approach must have reading abilivy in uvrder to follow the "task cards”
which take the place of ta+ teacher telling them what to do. BGeyond
reading ability, they must have versoning ability and a well-developed
concept of sequence, which anablas them to vollow standardized directions.

4.3 Teacher Prerequisites

There are two qualities a teacher must have or get before she can
use Madison topics 4nd teacking approach. The First is understanding
of the mathematics behind the tonics and ecuivities, and thz second 15
a disposition to be informal. improvisaticnal, and “open" in her relation-
ship with students, Madiscn director Roberl navis ennceives of the




teacher as an artist with a personal, unique vision and discipline,
rather than as a technician who implements someone »1s2's plan. Davis
makes a distinction between what he calls "ought" pconle and "growth"
people--his own kind. :

From the "ought" people you get the feeling that an
abstract ideal exists, and they are primarily concerned
that things must be much more orderly and right . . .

By contrast, the "growth" people think of a child . . .
building cognitive structures in his mind from quite
personal interpretations of his unique . . . experi-
ences, and seeking out and fitting in new information . . .
I'm not arguing for the truth of my assumptions. I

just think people ought to identify their assumptions.
I'm not going to be able to say, "How go practice multi-
plication tables." Every time I say that to kids they
don't do it. But there are teachers who go on the
assumption that kids do exactly what they're told, and
those teachers seem able to make their approach work.20

Such teachers are unlikely to be able to make Madison's approach work.

But "growth" people won't be able to make Madison work either unless
they (a) know the math, (b) can select appropriate learning activities
and sequence them into their school's curriculum, and (c) have mastered
some techniques of discovery teaching and individualizing instruction.
The Madison Project no longer focuses exclusively on the "discovery
dialogues" which were its hallmark in its early years, but these are
still an important component of the program. Whether these teacher-
and-students discussions and games on abstract topics are conducted with
the whole class or in small groups, a special assortment of talents is
required in the teacher. This is a combination of mathematicai know-
ledge that is deeper than just the surface of the lesson, plus a percep-
tion of how children are thinking, that may be intuitive in some teachers
and the product of long or highly concentrated experience in otners.

Some observers believe that the abstract lessons, especially the advanced
ones, should be taught by math specialist teachers. Harrison Geiselmann,
professor of mathematics and education at Cornell University, believes
"it takes quite a talented teacher with knowledge of math so that he
knows what lines io pursue, what not to pursue; what will be fruitful
with students, and what won't be." However, many teachers without
specialized background in mathematics learn to do Madison's basic courses
of abstract lessons well. Lee DeBarros, a Walnut Creek, California
teacher, who has taught as a math specialist, says nonspecialist teachers
can teach abstract math in the discovery style but it requires fore-
thought, concentration, and a flair for improvisation:
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The nice tring about discovery is it's jogicai. It's
ot a matter oF wondering with stidents about the
consequences of ceriain gssumphions. You start

where the chilaren arz. You have to think hard; it's
hard tc do that. And il is h2rd to encompass a

class of 30 %ids. T found that, working with a

whole class at cnce, scme kids were ivwwicible.  Vou
have to he some kind of virtuoso to Lring cveryone
into the discussion.

Finding out that thaz Madison absiract exerzises were not every
teacher's and student's cup of tea resultec ir the project's hroadening
its topic coverage and it: teaching style o inciude "math woirkshop'
lessons and small-grcup or individual projects. “nis hind of teaching
also assumes teachers of intolligence, who have at least @ beginning
grasp of the mataematics bayund computation, some understanding of how
to individualize, and » firm set of main qoals to werk tovard., This
is a large assumption, as aciested by several ohsevvers of the active-
learning movesient.

Barry Barnes. an aarly chiidhocd wducation specialis~ at the Far
West Laboratory, sa/s!

A basic problom iz zeachers' lack of confidence.
Unlike organic veacding, which teachers are willing
to try because they fesl preity confident apout
their skillz in tcaching reading, the matn activity
centar makas heachers cncevaingly uncomfortabie
because tnev vre not confident aboul i ir own wath
abiiity. They must have more suructure for their
teaching i matl then they need in reading.

Lois Knowlas, protesser of ediucation at the University of Missouri,
told the National Council ~1 Tzachers of 'achematics convention in
April 1971:

I have yet o sve {(in ciasstooms) much progress in
planning 2ccivities suiled to chilaren's level ¢F
dayelopaent, o atill find teacners taking bits
and pieces i 1ne¢ih-~no satier what chiidren are
ready fur. Teechers arce’t really iistening to
childeen.  Childres dop't have a chance to tell us
what they know end don't know.

And J. Fresd Weaver of the University of Wisconsin warns that experi-
enoa, aciivly, ond Soeeeare betoming "whibboleths™:

The crucial factor associated with experience and
activity o o -aslgpenoss Mo Tnedarship is




required to generate a hodgepouge of "interesting"
diverse experiences and activities whose intents

and purposes are ill-defined . . . But strong
leadership is needed to suggest promising activities
and experiences that are appropriate for the
attainment of particular mathematical goals. . , .21

Support from administrators. A school administration could not
realistically expect teachers on their own to provide this leadership.
Thus a change to active-learning mathematics requires an administrative
commitment to substantial inservice training for teachers, writes Lola
May, the math consultant and writer:

Mathematics can no longer be taught by a "show-and-tell"
artist who is nothing more than a textbook wired for
sound. . . . (Teachers) need first-hand experience,

and this means (they) must work with the materials and
learn the same way the students learn. Someone has to
demonstrate how to direct learners and how to ask open-
ended questions . . ., School systems must provide this
type of inservice training, and schools of education
must incorporate this type of learning in their methods
classes.

Methods of evaluation must also be changed. Little
questions with little answers are no longer enough.
Teachers have to learn to evaluate . . . what a
learner says and does (rather than test scores.
This) requires a change of thinking on the part of
teachers and administrators. Then it must be sold
to parents. . . .

Inservice training. The major effort of the Madison Project now is
to help school districts retrain teachers. The typical method of Madison
inservice training is a summer workshop of from two to four weeks, with
college credit, sponsored by the National Science Foundation. Teaching
is by former Madison Project staff and classroom teachers w0 have been
through previous Madison workshops. The workshops have two focuses:

(a) starting "math-illiterate" teachers to learn some abstract algebra,
Cartesian geometry, functions, negative numbers, and the 1ike--by means
of the same lessons and games that Madison designed to teach children;
and (b) introducing informal, "math lab" or active-learning methods by
having teachers work with manipulative materials. A surmer workshop may
be followed by regular after-school or Saturday morning meetings in the
ensuing year or by a Madison consultant visiting each teacher partici-
pant's classroom from time to time. Teachers who participate in Madison
workshops are expected to pass on the new ideas to their colleagues.

The most successful ones are invited to teach subsequent Madison work-
shons.,

30




From 1967 to 1972 the Califormia Stuate Department of Education
provided two-week summer workshops for elementary teachers as part ot
the statewide "Miller math" program te improve maihematics instruction,
These.workshops stressed work with manipulative materials and provided
each participant with $100 wortn of naterials to take back to his school.
They were based on Madison Project workshops daveloped by the project
and the school districts of Chicawo, 5t. Lcuis, Philadelphia, New York,
Sdn Diego, and Los Angeles. The Miller math workshops were taught by
teachers rather than by ccllege proftessors

When the state-supported program ended, a nonprofit group, Center
for the Improvement of Mathematics Education (CIME), was formed to provide
Madison-style sumner workshops in several (aliforania cities. CIME's
address is P.0. Box 81594, San Dieco, Ca. 92135.

The Madison math lab style also survives in that part of the new
teache»s' center movement which emphasiies inservice courses taught by
classroom teachers, promoting active-learning methods and meterials, and
developmental learning theory.

Other forms of inservicc training made available by the Madison
Project are its films of classroom lessons and its packaged inservice
training courses, described in Chapter 2.

4.4 Background and Training of Other Classroom Personnel

Many American teachers with experience in active-learning mathematics
are convinced that the teacher with 25 or more students needs extra adults
in tha classroom in order to manage this approach. This is narticularly
<o when students lack reading proficiency, or need a lot of teacher
control. If nonmathematically-inclined students are to learn from
rctivities instead of from mamorization and drill, they must be closely
observed to make sure that they follow directions, understand the math-
enatical meaning of their experiences, and translate understandings into
<kills. Holunteers or paraprofescionals assisting the teacher in math-
ematics should understand what the activity is supposed to teach, have
confidence in the discovery/active-iearning approach, and have patience
with students.
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4.6 Demonstration Sites

Professor Davis' office at University of I1linois Curriculum Labcra-
tory can suggest particular t2achers or schools in all parts of the country
which demonstrate use of Madison topics and/or an informal, active-learning
style. In California the Center for the Improvement of Mathematice Educa-
tion can recommend classrooms of teachers from all over the state who have
taken part 1n summer workshops, « - Madison active-iearning math. Write
Leonard M. Warren, director, CIME, P.0. Box 81594, San Diego, Ca. 92133.

5. PROGRAM DEVELOPMENT AND EYALUATION

5.1 Program Development

The Madison Project began as university professors' experiments in
elementary classroom teaching and gradually joined the nationwide tarust
for math teaching that is at once nore mathematical and more childlike.
Madison's modern topics-and its naturalistic approach do not represent
a steady refinement of cne technique but a blend of experiences with
many. Its history was one of creating materials and methods, combining
outside ideas with their own, sharing their own ideas with others, and
giving up or changing things that didn't work or didr't trasster well to
new situations. Thus the present shape of Madison math is different
from the first outline.

Leonard Warren, director of California's Specialized Teacher Project
(the so-called "Miller math" inservice workshops) which grew out of
Madison Project training in San Diego and Los Angeies, comments on the
major change in the project:

Original Madison math was essentially dialogue between
teacher and students by someone fairly sophisticated in
math. Davis came to believe that this is not something
the average teacher can do. You need a richer background
in math to continue to ask provocative questions that

" make discovery go.

The project's esaluation studies and experience with inservice
training showed that students reed physical as well as abstract experi-
riice.

In the summer of 1964 & class of supposedly culturally
deprived children in Chicago, who were in fact very
bright, were assembled from grades 4, 5, and 6 and
combined into a sinale <lass to serve as a demonstra-
tion class, via closad-circuit T.V,, for the inservice
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workshops in Chicago (which were held summers and
Saturdays for two years). Morale was beginning to
wear thin. . . . The teacher had been standing at
the chalkboard and often dominating class discussions.
He now broke the class up into groups of three or
four children each, seated around tables, using
physical materials much of the time, with each group

working independently of the others. Morale improved
dramatically.

(The children) taught the project that the teacher
should not stand and thereby dominate the room, but
rather sit and work with students as equals; that
the teacher should only occasionally address the
entire class, but usually talk privately with two
or three children at a time; that children should
sit at tables in groups of three or four, working
together, but not necessarily on the same tasks

as other groups; and that much of wt t the children
do should involve the manipulation of physical
objects more mathematically suggestive than a pen
or pencil or a piece of chalk.

The project began in November 1956 in an "underachieving” seventh
grade at the Madison School in a low-income neighborhood of Syracuse,
New York, under Office of Education sponsorship. It gained classroom
experience in middle-class and in privileged <uburban schools, and
tested the new lessons it had devised on teachers in "inner city"
schools in St. Louis, Chicago, New York, and Philadelphia.

The project never intended to creats a comprehensive curriculum
because it lacked Lhe resources tc innovate the entire elementary math-
ematics program. "Rather than carry over much unsuitable material into

a 'new program'," Davis wrote, "the project approached the curriculum

as one might approach urban renewal. Most of the city was left untouched.

Only in spots, where it was possible to make definite improvements, was
the curriculum tampered with . . ."24

The first step in creating a new lesson was to identify a mathematical
concept, such as variable, as being of high priority.

In working with children in the classroom, specialist
teachers try alternative methods of letting children
work with variables--seeking always procegses. In
the course of doing this, other topics will appear
whick turn out to be intertwined with the classroom
work on the original topic--for instance, open
sentences, truth set, number 1ine. The topic is
retained only if suitable experiences for children
can be devised . . .25

34




BEST COPY AVAILABLE

More than 100 specialist teacners were involved in craating the
original Madison topics, teaacning them in saveral differant classrooms,
and then giving them to a d:fferenr teather tu Try out. The project
assembied ite successful lessons inco four distinct supplementary courses,
available not as texts for students bui as rZime of lessons fov teachers.

The Office of Education supported an implementation phase (1961-67)
to spread trese new lessons by mecns of tig inservice Lraining workshops
like thoce the project had designad viith the school districts of St.
Louis and Chicigo. Twe packaged, self-administered inssrvice courses
were written. They used excerpls trom the filas o7 ciassroom lessons,

Dburiag this tima, the project's association with Syracuse and with
Webster College, Missnuri. croauced new praservice courses in mathametics.
Lp to the present,the project centinuss to focus on re-education of
‘eachers with National Science Foundation support. Since Robert Davis'
move to the University of 11lincis, whera he is director of the Curriculum
Laboratory (1210 W. Springfield, irbara, I11. 61801), continuing Madison
activities are centered therc. The iLaboiatory's PLATO project for com-
putar-assisted instruction in watramatics has translated a number of
Madison tonics in graphing to PLATO. Thus they are availabie to teachers
and students who have access to comruter terminals in the PLATOC system.

5.2 Developer's Evaluation

The Madison Project did nct measure itself against standards of
traditional mathemuatics programs becairse it views its own work as "more
than new routes to old goals.” 1lks verk is to put forth examples of
new goals,

The project has sought to produce certain actual
changes in scheools, {but it has not) sought to prove
that tihese change: wer: desirable . . . These avre
things tnat you do, and then allow people to view
them, and Lo build upon them, and to form their own
judgrents .2t

The proiect considers tracitionei testing weasures to be antithetical
to its geals cecause they texke tou narrcw a view of natnematics and
because new macerials and les3nas are taught so differently in different
schools. Comparing Madison lessons witi other curricuia was never
attempted; first ba2cause Madison materials are supolementary, but more
importantly because in tne field of math educition there is no commonly
ajreed-upon body of goals and, Davis c'aims, tie "relatively trivial®
goals which nave been set down get to be oveiemphasized. Al1 of this
is not to say that measurements of prejeci performance should never
he made, Davis addcd, but rather that "one should balance the estimated
gain in information against tie provsable costs.”
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With those cautions in mind the Madison Project undertook a var1ety
of tests of its own work:

(These consist of ) careful observation by mathema-
ticians, teachers, administrators and clinical
psychologists; "viability" testing in the hands of

a variety f teachers of varying qualifications, and
with a wide variety of students; contirmation of
appropriateness through viewing of films by relevant
panels of professionals; tape-recording lessons by a
variety of teachers and allowing 2 panal to study
these recordings; following the same students for

up to five years in the program in orde:* to observe
cumulative effects; and tape-recarded 1nterV1ews of
students conducted by a clinical psychologist.<

The most fcrmal study of effects of Madison Froject teaching was
conducted in 1965 (before the muveient toward active learning with
physical materials) by J. Robert Cieary of Educational Testing Service.
He matched three seventh grade ciasses in three different upper-middle-
class comnunities. Two of the classes had nad Madison Project instruc-
tion for several years. He chose 45 items of the new mathematics test
of the Stanford Achievement High School Test Battery, to see "how
Madison Project students operated on fairly difficult materials of
bath traditional and more contemporary content but with the more tradi-
tional notation." He hypothesized that the Madison Project seventh
grade students "would perform as well as a sample of ninth grade students
taking some variety of modern math in similar schools." This hypothesis
was proved. Cleary also reported that the students cut-performed the
non-Madison class in “all items dealing with algebraic knowleuge, graphic
interpretation of functions linear and nonlinear, and other mathematical
topics," while the non-Madison students equalled or surpassed the Madison

groups ggly in arithmetic items or "items requiring formula substitution
skill."

A less formal study was conducted to investigate the use of Madison
lessons by wany different teachers. Their lessons were tape recorded and
a copy of each tape was sent to a panel of 60 mathematicians, teachers, and
psychologists, who were not told in advance what to observe but focussed
on whatever they chose. Each panelist prepared a raport on each lesson,
and these analyses were studied by the project. The most significaut
result of this study was tne indication that Madison Project materials
are more successful! in the hands of "child-centered" teachers than when
taught by teachers concerned with "the way things ough:. tu be" (one
teacher-panelist referred to lessons by such teachers as "more orders
from the Giant Pzople!"). However, Duvis adds, there is evidence that
“rather rigid, compulsive :eachers, if they can relax somewhat, can teach
project matericls very we'! indeed, especiaily w~ith children who tend to
misbehave,"29
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A third study consisted of a clinical psychologist's interviews
with individual sixth and seventn grade childven, in an attempt to find
out why children in these gradas in all kinds of schools seem to perform
less well than they sad in earlier grades. Children were not aware that
the study was concerned with m:thematics. The psychologist studied tape
recordings of the interviews and reported his findings.

The most striking result, which emerged rather clearly,
was that the children liked those subjects which involved
physical activity and opportunitias to talk to other
children, and dislik.d those subjects which involved
sitting still, and w.hich oifered no opportunities to
talk with friends. . . . The ch:ldren were guit2
articulite and quite explicit. They disparaged subjecis
where "all you do is sit and read ard write." They
liked orchestra, chorus, physical education, laboratory
work, and art wvork; Lhey disliked Latin, modern lan-
guages, social studies, English, and mathematics.

Perhaps the most important fact is that the data
¢ollected irn the Herbert Barrett study d47d, indeed,
form the basis fer a decision which has been imple-
mented: the project moved further away from an
exclusively paper-and-pencil approach and has come

to make extensive use of physical materials and
"mathematics laporatories" at gll grade levele, K-9,
and alsc in coilege courses for progpective teachers. 30

The project cites its collection of films of actual classroom
teaching as descriptive evaluation. The lessons recorded in this way
are "fully worked out," not just cirections and exercises in a text.
The teacher can see first-hand how the Madison topics work and make
her own evaluaticn of their effectivensss with herself as teacher.

The project cites its uxperience in "inner city" schools, starting
with St. Louis' Bani eker district, to prove that Madison Materials
are "every bit as viable" with poor, nonwhite children as with suburban,
economically priviiegad chiidren, provided thut teuchere have inservice
tpatning. Other big districts in which the National Science Foundation
sponsored Madison teaching training workshops are New York, Philadelphia,
Los Angeles, and San Diejo.

Chicago's NSF-sponsored training project in 1964-66 was the prototype
for the others, and “t is cited by Devis for iilustrating "the large
amount of feadback datu" the project was anle to acquire by developing

itz curricuium in the ¢lassroom and by remaining open to influences from
students.
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5.3 Evaluation Results

"Properly educated teachers using a proper selection of Madison
Project materials" can achieve any one or more of the following goals,
Robert Davis reported to the Office of Education in 1967:

1. Building an improved understanding of certain
commonplace topics in arithmetic, such as
placevalue numerals, algorithms, fractions, etc.

2. Arousing an interest in school (or in mathematics)
among children (and, for that matter, teachers)
who have not lately exhibited a very 1likely
involvement or an eager enthusiasm. {This includes
elementary education majors who believe they hate
mathematics, etc.)

3. Providing a basic foundation for unifying arithmetic,
algebra, and geometry in grades two through nine.

4. Providing a basic foundation for relating mathematics

to scgence (and even to such subjects as history and
music).

5. Providing a program to allow more talented children
to move ahead more quickly in mathematics.

6. Providing materials and ideas which enable teachers
to change their mathematics classes from a text-

book-dominated approach to a more flexible “"mathe-
matics laboratory" approach--including small-group

work and individualization of instruction. 3]
A11 of these accomplishments were proved by one or more of the studies
described in the pages on evaluation in the OE report, or by studies by
other investigators, which are reported in the next section.

5.4 Indgpendént Analyses_of the Program

Evidence from the California "Miller math project" showed that
students of second grade teachers with Madison-style training scored
significantly higher thar control groups on measures of both comprehen-
sion and computation and on the Modern Math Understanding Test. Students
af fitth grade teachers in the Madison-style math workshop program per-
formed significantly better than control groups on nine of ten scales
seiected from the National Longitudinal Study of Mathematical Abilities=-
computation plus understading of number operation, geometry, probability,
and graphing. The researcii was conducted from 1968 to 1972 by the
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California Institute of Technology for the California state department of
education Specialized Teacher Project, which had provided the two-week
math workshop inservice training to more than two thousand elenentary
school teachers throuyhout California. The studies also showed that sub-
stantial improvenent in pupils' scores was cbtained when teachers attended
the summer workehops two years in a row, Further, the evaluation ascer-
tained that the wath workshup inservice resulted in pupil gains in low
socioeconomic and mincrity-group communities which were equal to the

gains of pupils in mainly middle class white schools. 3«

Similar results were achieved in a 1965 study of Indiana fifth
graders. Charles D, Hopkins investigated what happens tu a child's
proficiency in "traditional arithmetic" whan time is diverted to the
study of Madison topics. He found that "the studerts perform tetter
aven on the traditional topics (which are receiving less emphasis)."
This was true for low achievers in math as wall as nigh achievers. In
1is comment about this study Davis reported thet it was made independently
of the Madison Project but that the teacher had studied with the project
for several years, “The project has never cleimed, and dees not clainm,
that untrained teachers can make effective use of project ideas. It
is for tnis reason that the prcject's efforts at dissemination are
directed aimost entirely toward teacher education."d3

5.5 Project Funding

The Madison Project curriculun developiient was supported by Syracuse
University and Webster College, and by the Burzau of Research of the U.S.
0ffice of Education. Its films were developed witih funds from the Course
Content limprovement Section of the National Science Foundation. Inservice
tiraining workshops for teachers in Magison tepics and methods have been
supported by NSF and by the school districts themselves.

5.6 Project Staff

Robert B. Davis, Profassor of Mathematics and Education at Syracuse
University and Webster College, now Divector of the University of
I11inois Curriculum Laboratory, was the originator of the project. His
ideas about mathematics, about children, and about pedagogy--and his
experiences--have shaped the project mos® strongly, and these in turn
have been chaped by the many university mathematicians and educators
and the more than onz hundred math specialist teachars wno have joined
tha project from time to time tu help work out topics, to teach inservice
work-b ns and to work as resident consultants in school districts. The
priMﬁFy-]e el materials are largely the work of Beryl S. Cochran. The
main "assembled” curriculum cersisting of Madisen topics plus activities
with wanipulative materials, and adaptable for children from grades 2
through 3, is attributed to Dunald Cohen. Gerald Glynn, and Louise
Daffron, all Madison staff members. St. Louis Bannerer district




personnel are credited with moving Madison learning experiences into
"inner city" classrooms. Among these, Katherine Vaughn and Katie
Reynolds have continued to be associated with the project as teacher
instrustors. Chicago workshop designers were Evelyn Carlson and
Bernice Antoine. Katharine Kharas was associated with the project in
designing new courses in teacher education at Webster College.
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aEsT COPY RVAILABLE

INTRODUCTION

Diseussion Leader: Here's how some cr' the jumvs Loukad

for tne rule O =& x 0 — 5

ST 2 T, Y Ve N

. . [ e e R A._*_..F....*._...'_._.}_.>,
01 23 456 7 8 910111213141516

Participant B: The juwma are different lergths and
they go in opposite direcciions,

Participant D: I noticed that you lwvz two jumps of
one spuaee, two Junpe oF two epaces,
but then only one Juwnp oj four spaces.

Discugsion Leader: If the pattern were rreserved,
whc re should the Jwny from 1 land?

Participunt U: Would it be four spawes Lo the left
of 12

Discusstion Leader: Yes, it would. Hew lony do you
predict the juwny frow 13 will be?. . .

The ubove is a sample discussion amorg a group of e¢lementury teachers
participating with a discussion leader in the first secssion of the
Arithmetic Project Course for Teachers. They have just seen a 33-minute
black ard white film (copyright--19€7) cf « Proje2t staff member
teaching a claes of fifth-gradlers jrom Medford, Mase., tc work out some
number line yroblems on the caalkboard,

The impact cf 20 such teacher seminars was Jdescribed by one partici-
pvant as fullows:

Thig is u program that 'ullows' the c¢nild to develop
math concepts and principles in his miwnl, not a pro-
gram that puta math concepts in hic mind....I feel

that the fiimc are necessary in preseniing the material
to ue [teachers]--otherwise I never would have belicved
it. .. Math can De fun ard it ean be casy and this pro-
gram brtrge that ideu aciuss-=ard i love il
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The sipitlmetio Poo ol oy ae is a series of films plus home-
work assignments for teachers (or prospective teachers), presenting
a variety of fresh ways to teach wath concepts and giving particinants
practice in designing learning experience for their own pupils. The
topics were developad by David A. Page and hiis colleagues at the Univer-
sity of 111inois Curriculum Laboratory, starting in 1958, and the Course
for teachers was developed by Page and associates at the Education
Nevelopment Center in Newton, Mass.

The topics are not a complete zrithmetic curriculum even for one
grade, but rather supplementary ideas which can enliven and broaden
the mathematics instructicn in elementary school. The ideas are meant
to be adapted during the Course for use in the classes of the partici-
pating teachers.

It has been more than 15 years since the Arithmetic Froject began,
and in that time other pedagogical emphases have come to the fore:
arranging classrooms and schedules less formally, provisioning instruc-
tion with more concrete and naturalistic, child-relevant materials;
breaking up instructicn intc small groups or individual tasks. These
newer enphases on methods are not inconsistent with tie stress of the
Arithmetic Project on interesting and mathematically valid content.

And the Course's main ourpose--to expand and enliven the mathematical
repertoire of teachers--is still relevant to u priority need of American
education: to upgrade and renew the learning and teaching ability of
elementary teachers.

Nevertheless, it is important to note that the Arithmetic Project
Course began in the era in which university scientists and scholars
became interested in developing sound and intellectually provocative
ways to introduce their disciplines to young children. In this search,
mathematicians tenced to assume the readiness of children to learn
powerful, authentic conceptis if only they would encounter them in stim-
ulating ways. The questions of what cognitive foundaticns were needed
i order for children to cose with the ideas being introduced were not
always confronted. These ave questions which have become priorities--
indeed, obsessions--as %earhers increasingly work in situations in which
they cannot assume a given level of achizvement among all the pupils
within a classroom,
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BASIC INFORMATION

Progzan neme:  The Arithmetic Project Course for Teachers (formerly
The University of I1linois Arithmetic Project)

Sormot:  Series of films, discussion notes, and written lessons for
teachers disseminated by inservice and preservice courses.

Uniqueness: Self-contained course which can be giver by a school dis-
trict without specially trained personnel. Topics are math concepts
of significance to mathematicians and capable of heiry understood by
children.

content: Some ten topics deveioped by the Prcject, including trans-
formations (about half of the course), equations, "maneuvers on
lattices," and "greatest-integer function."

Suggesved use: An inservice or preservice course introducing mathemat-
ical topics to teachers and helping them to adapt them fer
children.

Marget audicnce: Teachers of elementary mathematics in grades 1-o.

Length of vse: Twenty weekly sessicns of 2 hours each offered con-
secutively or in 2 10-week courses. A 15-week preservice course
is also available.

Aids for truwners: Twenty books (one per session) containing homework
assignments, summaries of problems in the film, and supplements.
Materials for staff include one Guidz for Course Lecders, containing
discussion notes on films and homework, and a Cormestor's Geide.  The
project offers participating districts and coileges a 24-hour "hotline"
and consultant services in addition to contact with local users.

Data of publieation: Originally published in 196&; revised 1973.

Dinesmgr. Tovaioper: Professor David A. Page, Department of Mathematics,
University of I1lincis at Chicago Circle, Box 4348, Chicago, 1.
60680. Mr. Jack Churchill, Associate Director, Arithmetic Project,
Education Development Center, Inc., 55 Chapel St., Newton, Mass.
02160, {617) 969--7100.

publicher: Education Distribution Center, 39 Chapel St., Newton, Mass.
02160.
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1. GOALS AND RATVIONALE
BEST COPY AVAILABLE

1.1 Goals

The Arithmetic Project was a spin-cff from the high school math-
ematics curriculun development led by tae late #ax Beberman ot the
University of 11linois Curriculum Labueatory in the Tate 19%0%s,

David Page, director of the Projoct. beiieved that you could not
determine what should nappen at the secoroary level until you had some
understanding of the mathematical cavanilrtias of elzmentary school
children. While ho was sure thet cempetent maihematizians could produce
spectacular results with eiemantury classes, Page: wanted to see what
ordinary teacners couid do after a Vitile training,  He thought that
with proper background even ordinary t.ochers could "allew children to
pursue mathematics beycnd tne ysual limits of elementary school."

The Arithetic Project Course was Juvelopad in zn attempt to sub-
stantially change daily classroom hethuaustics teaching. By ircreasing
the teacher's knowledge of wath and zypeczntation with new tcaching
strategies, it was hoped that si. would be freed From reliance on the
textbook and be able to teach wore powerful and wide-ranging mathematics
1de:as.

The central theme of tne Projuoct is that the study
of mathematics should Lo an Sdventure, requiring
and deserving hard wovk. Lhildren who grasp some
of the inherent fascination of real mathematics
while they are in elesentary school are well on
the way to success iir further study of mathematics
and acience. Students who are not tu continue a
formal study of mathemstics deserve a taste of tne
subject that ic at least appealiny.

However, the Project is not attempting to develop a
systematic curriculum for any grade level, in the

View that determining an adeguate curriculum is ot
pessihle until more altertatives exjst to chouse
among. What is necdad are fraueworks that vrovide
day-to-day, "here- s-gomething-to-try" ideas for the
classroon. The emphasis i3 on things that the teacher
can begin working with as quickly as pessible.*

P

*A11 quotations are from introguctory, Lourse, and publicity material
issued by tne Project.




The term "new mathematics" is not used by the deveioper. lnstead,
", . .the Project seeks novel ways of doing old mathematics--new struc-
tures or schemes within which can be found large nuimbers of interrelated
problems reveoling significant wathenatical ideas.”

As a result of taking the Course, statc che developers. teachers
"will uncover through their own efforts and with other teachers, sonme
of the basic ideas of mathematics. At the samc time, they will learn
how to present thesa ideas effectively to children.”

Actualiy the Course confines itself to a relatively swall number
of topics that wera developed by the University of I11linois Arithuetic
Project between 1953 and 1968 and to demonstrating "in an afficient,
concrete way" how to teach then.

Rather than exposing the trainee to prepared student materials,
the Course tries to focus attention on building a framewcrk of ideas
which the teacher can adapt and deploy. By increasing her khowiedge
of mathematics it is thought the teacher will nc longer iced te vely
so heavily on the textbook ard can adapt topics te persoval teaching
style anu tc i1ocal syllebus and procedures.

Course objectives are stated for the teachers rather than for
children, in the belief that more competent and confident teachers will
produce 1ncireascu learning by their students. Course objectives ara as
follows:

1. To give them [teacners] ideas for tesching math.

2. give them topics and problems they can use With students,

show tnem ways of creating problems on their own,

(73]

4. give ther a deeper unuerstanding or some of the most
important math concepts in the elementary school
curriculum,

5. build their confidence in their own mathematical ability,

€. and ot tnez same time help students develop skills in
reasoning ara computation.

1.2 Rationale

Arithmetic Project developers state that the topics were selected
because they. . ."have aroused the interests of children, teachers,
and mathematicians acr.ss the nation," and "all of the topics present
fundamental ideas ol mathematics in ways that are exciting to children
and teachers alike."




It is held that children are excited by "scientific enterprise with-
in a limited universe," which is actually what occurs when a child works
with these topics, and that students love wrestling with abstract math
if they can succeed. Furthermore, the developers have observed that
"things are s¢ Jevoid of interest and spark in the elementary classroom
as far as mathematics is concerned" that when certain topics are intro-
duced the excitement and interest of the students in abstract ideas
becomes self-evident.

Fundamental to this Course is the notion that ordinary students
can and should gain experience with significant mathematical idecs, not

just rote skills. Just as fundamental is the notion that ordinary
teachers can learn and teach this kind of mathematics.

2. CONTENT AND MATERIALS

2.1 Content Focus

Topics (or as the developer sometimes calls them “intermediate
inventions") were designed to meet criteria of interest and accessibility
to children and significance to mathematicians. The topics eventually
selected for the Course were those which engaged "the interest and
imagination of children by providing a diversity of problems that are
not too hard for children to solve and which reveal some of the basic
ideas of mathematics." The topics included are:

Number lire jumping rules (functions or transformations).
Equations (identities, with one or two roots or no roots).

Jumping rules in the plane (transformations in two
dimensions).

Negative numbers.

Maneuvers on lattices.

Lower and upper brackets (the greatest-integer function).
Artificial operations (properties of binary operations).

Commutativity and associativity of addition and
multiplication.

Distributivity of multiplication over addition.

Subtraction and division as inverses to the operations
of addition ara multiplication.




The developers do not claim that these are a comprehensive selection
representing all or most of the important concepts in elementary math-
ematics. (Some pirticipants nave in fact expressed disappointment that
more than half the Course is devoted to transformations or "line jumping
rules.") The developors believea that it was important for teachers to
gain experience with some new topics in ordei to take part in worthwhile
discussions ahbout a truly broad and encompassing math curricuium. Thus
the developers did not attempt to provide fresk “inventions" for all the
concepts in the arithmetic syllabus. They thought it more injortant to
provide a tcaching fvascwcrk in which children can wrestle with basic
mathematical ideas and have some Success.

The Project oresents its own system of notation--arrows, brackets,
boxes, parenthesas, and the like--wnicn may be different f.om that
familiar to teachers and their pupils, and thus confusing to learners
whose symbalic mathewatical foundations are shaky.

2.2 Content and Oryanizaticn of the Course

The Course is usually given as 20 weekly sessions but this is not
mandatory. fach session includes a film, followed Ly discussion of the
film, and discussion of the written homeworrk lessons handed in by the
participants,

1t ic possible to arrange to give the Course in 2 parts of 10
sessions each. Devalopers recomnend that teachers take the first part
before the second necause topics are arranged sequentially. A 15-week
preservice Course is also available.

The following chart indicates the topics scheduled for each session,
The Supplemencs referred to are sections of the lesson booklets con-
taining furtner exnosition on the topics and suggestions as to how
teachers can adapt topics to different teaching strategies and/or grade
levels.

The writtan lessons cre completed by the teacher between sessions.
They are handed in discussed by the group, and corrected by @ “Corrector”
with the help af extensive Jomrgeior's Guides. The nomework is dis-
cussed anain 3% 3 subsequant meeting. Whether the wristen lessows
are done befuve or aftor viewing the -.'m is at the aiscretion of the
leader,

While =2ach f1lm demonstrates how a topic way be taught at a partic-
ular grade lavel. teachars are expected to discuss and experiment, with
the aid ot the o lunente, teaching these same topics at differing
levels.

2.3 Materials Piovianc

- a——

.

Materialc fos the complate inservice fourss include 20 films
of classroom lesscns; each tilm musi be individua ly scheduled and
returned the day following each session.
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Each participant is supplied wit

The booklets contain wriitier lesswna
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tach carrector is supplied with a Cooneerrr's ulde with instructions
for correcting the written lessons.

The Project also offers particijating dist
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who have used the Course," .a 24-hour “"hotline," and cousuitant servizas,
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2.4 Materials Not Provided

The Course provides no materials for children.
Groups presenting the training nust previde a film projector and
suitable roon,

3. CLASSROOH ACTION

3.1 Teacning-Learning Strateqy

Project films and written lessons for teachars emphasize the teacher
assisting the children t: develop a matpematiczl idea by means of a
sequence of problems which the teacher makus up tu suit his or her own
class. The filns show tne cluas:room teacher wiriting e problem on the
cnalkboard and asking students for an answer. After individual students
have respunded to several variatiuns of the sawe idea, the teacher asks
the class if anyune can suggest a patturn aiong the prebiems they have
been doing. Once the students have discovered the pattern and discussed
it, the teacher suggests more intricate versions of the saiie idea.

The Course does not mandate this styia of teaching but rather sug-
gests that all of the topics in the Course can be adapted to an individual
teacher's own style, once the teacher truly understands the topic.
Although all of the films show whole-class teaching, usiny only words
and symbols on the cha’ikboard=--1ittle work with concrete objects--the
developers consider the mathematical ideas translatable to small-group
teacning and to instruction that uses coricrete objects.

The Course's most pressing requirement is that participating teachers
spend several hours a week coing assigned huinework problems, writing
their own similar problems, and then as 2 group discussing their work.
This rather considerable intellectual stretching is intended to give
teachers the sirength and versatility to adapt the Course topics to the
neaeds of their own pupils and to their own teaching style.

The Course instructions to discussion leaders underscore the devel-
opers' faith that ordinaiy teachers--if they are stimulatad to think
h-vd about mathematics &nd conquer their fear of making mistakes--will
be able to fashion these basic topics intu specific lessons suiting tneir
own pupils.

The notion of presenting a [mathesatical) idea through

a series of proplems is a subtle une. It does not come
all at once. There i5 no formula fer doing it, and no

general instiuctions are really of much help. . . .
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The real value in having teachers begin early to

write problems is that writing problems, even imper-
fect ores, helps teachers get started in their classes,
Trying these ideas with their students is crucial if
teachers are to learn about them and learn effective
ways to teach them.

The Course would not be appropriate for use by teacher educators
who do not share the developers' confidence in the learning capacity
of motivated teachers and the developers' reliance on discussion and

problem sharing by a group of colearners rather than on lectures by a
mathematical expert.

Because the course is designed to be useful without
expert mathematical guidance, the discussions are of
particular importance. They enable the whole group to
profit from the knowledge of those who have had more
experience with mathematics, and from the intuition

of those with special aptitude for the material. Any
reasonable sized group will possess a diversity of
backgrounds and talents. Exploiting this diversity
for the benefit of everyonz is the discussion leader's
task. It is not an easy one, but it can be exciting
and rewarding.

One of the first things you the discussion leader

should do s to be sure you have a class to teach.

If your norinal duties do not include teaching regularly,
you should arrange during the institute to have a class
of children to work with on these topics three or four
times a week. The course will be immensely more
effective if you are genuineiy sharing with the other
participants the process of learning how to teach these
ideas to children.

3.2 Typical Lesson

A typical session of the Course is organized as follows:

Introduction to Film « . . o« o o e e e e . . . . 2ninutes
View FITM o v v v v o v e e e e e e e e e e 25-45 minutes
Niscuss FITM « v o v v o v v e e e e e e e e e 10-15 minutes
Discuss written lesson

to be handed in . . . . . W e e e e e e e . . . 15-25 minutes
neturn of corrected lesson (from

previous week) and discussion « .« . v v e e e e e 10-15 minutes
Talk about participants'’

c1assroom CYPEriences . . . . . . e e e e e . 0-20 minutes
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While the Project does not advocate any specific teaching style,
the following materials about the film "Standstill Points," specified
for the third week of the Course, show the format used throughout. We
include here only the first page of each section of the booklet a
trainee receives in each session.

Trainees use the sheet labeled Swmmary of Problems in the Film
(Sample 1) while viewing the film; it is intended to help facilitate
subsequent discussion. The Film Discussion Notee (Sample 2) are for
the use of the discussion leaders. These notes are based on questions
which teachers taking the Course have asked, and are designed to alert
the leaders to possible areas of discussion.

The written lesson (Sample 3) parallels the topic presented in
the film and provides trainees an opportunity to work out for themselves
problems similar to those seen in the film. These lessons may be done
either before or after viewing the film.

The returned homework is corrected and subsequently discussed, with
particular attention to common points of error or apparent confusion.

The Supplement (Sample 4) is intended to provide the teacher with
additional resources for implementing the topic in her classroom or for
adapting the topic to a particular teaching method or different grade

level. Some Supplements do not parallel a film topic but present enrich-
ment material.
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Sample 1

Summary of Probluins in the Film

Standstill Points"

5th Grade, James Russell Jowell School, Watertown, .Mas:-achus.ctts
Teacher: David A, Page

Here is a junping rule: 0O —> 3 X ()

Start &t +4; :nake oanc jump, Where do you land?  (12)

Miake a jump frem 2, Where do you land?  From 07?7 From % ?

How long is the jump from 4 to 12?2 YFromm 2 to 6?7 From -;- to 1-’2- ?
Fromx 07

Take a jump from z2. Lang? [22 means “negative 2 or

Now a jurp fron: zB%  Land? "winus 2" on a number line.]
Using O —» 3 X 10O ~ 5

Who can tcll where to start so that you Yand on 17? (2)
How Jong 3¢ that jurnp?

Who can tell where to start toJand on 107

Find another, place to start besides 2 where there is a jumnp that is
} unit long. (0 is suggested; this jump Jands at »5 and thit is the
companion of the jumn from 5 to 10) (Answer: 3)

Try starting at 22, Land? {»11)

How long is the jump from 227

Find a jump where you get back to the same place, (2% )

(Wrong answers: l—.;: , 4)

Now Rule: 0 —2> 3 X U0 - 19

Where is the place that you start from to Jand right hack where you

1 1

sturted? (‘3%) (Wronp unswers coraputed: 100, 3¢, 6-,' , 9, 0 2 1

) «=—» 3xX{ - )17

A‘.'C()l".!ih[: to your nu-ﬂm(‘., what world fe o i-'.*('n' thot yu L ot from ia

, !
order to pet right bacio there ) (Y ) )




Sample 2

¥iim Discussion Notes

"Standstill Points"

Preliminary information!

This class is a heterogencous fifth grade frum the James Russell Lowell
School in Watertown, Massachusetts, The teacher is David A.Page. Before
this film, he had mut with the class three or four times. The filming took

placc in March. [Filin running time: 45min.]

The discussion that follows occurred in a previous institute. It is inten-
ded to alert the moderator to possible questions. Most of these answers were

given by participants.

Q: Fairly early in the film the class was doing things like
0 —> 3% - 19, and somebody gave as her explanation: "You just take
the nuinber on the right and cut it in half, and you stay right there." But, when
the teacher was going around asking people what the standstill point was, Terry

said 3%. What was going on there?

Al Terry multiplied 19 by 2 instead of dividing it by <.

1 .
Q: Nancy's answor was 63 . Where did that come from?

Al Poussibly she divided the 19 by 3.

Q: "Why is the standstill point onc less than the number?  How
come it works?" (The person who asked this question did not state the question
clearly. What she really wanted to know was why you can find the standstill
point by dividing the Jast number in the rule by the number which is one less than
the multiplier in that rule.)

A Since we are looking for a place to start so that we will land at
the same place, we can say that {or the standstil] point the starting nuinber will
cqual the Janding munber. In this particular case the rule [} —> 3 X 0 - 19
nm;'v Le rewritten as [0 =—>» {0V 4 2xX{1 = 19 . If we can find a storting num-

bor for Tosothat 2% 70 = 19 4 zevo, then that starting number must be

a standetild point for the rules (Why?)




Sample 3
WRITTEN LESSON

I. SOME NOITES ABOUT PARMNTHESES,
AND ABOU! WHAT 10 DO WHEN THEY AREN'T THRERE

Whatis 3 +5 X 6 7 lsit 33 or 48 "

If youhave 10 + 3 4 1, it doesn't (natter whether youdo 10 4 5 first, or 34 1

Now do these:

1. ' 100 Q'IIIIID =




Sample 4

Supplement

Answers to Questions About the Film
1Standstill Points!

(2: How did the teacher introduce negative numbers, and why were
they labelled "2" numboers?

A: This class was introduced to negative numbers on an earlicr day
by working with thc rule 1 —> [ -~ 5 and making successive jumps,
Souon the rule required moving to the other side of zero,

When a jump had been made into the region of the number line below
zero, this class was asked what it would like to call the numhers there,
Nancie said "zcro-one, zero-two, zero-three," which she suggested '
might be written 01, 02, 03, The teacher took the word "zero' and
used the abbreviations z1, 22, 23, thcreby avoiding the confusion with
devitnals that might have occurred with Nancie's symbolism. He worked
with this terminology for two class hours, The third day he told the
children that fenceforth ke would call the numbers below zero negative
numbers and write -1, =2, =3, and s0 on,

Other classcs have sclected the letter b (for Y'below!) as a symbol:
bl, b2, b3, or lb, 2L, 3b, and so forth,

Many children have heard about negative numbers, if only from other
children, Nolice that onc of the virtues of working with these unconventional
symbols is that they can help make cicar the distinction between a ="
used for the operation of subtraction, inda "<" usud to mean "lhe
opposite o', A child who has done 210 - 45 is ina betler positior

to sce what is going on when he {irst fuces =10 = (~5).
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3.3 Evaluation of Students

There are no materials ¢r discussion regarding evaluation of
students.

(3ee 5.3 - Program Evaluation).

3.4 Qut-of-Class Preparation

Each participant is giver humewcirk assignizents which parallel the
tepics presented on film, These written lesssns, which take about two
hours to complete, are to be done hetwesn clss meetings. They are
marked by a "corrector" and discussed at the subsequent sessinon. The
Supplemonts contain many opportunities for optional math practice.

The whole Course implies that a teacher will do considerable out-
o-class preparation making up her own seguence of sroblems based on
what she has learned in the Course.

The teacher is greatly encouraged, even expected, to “build on the
materials, to do her own invention and try vut things in her own cluss,
things not specificelly taught in the institute." It is also hoped
that the teacher will share with the other trainzes accounts cf problems
and successes.

4, IMPLEMENTATION: PEQUIREMENTS AND COSTS

4.1 School Facilities and Arcangements

The Course is desigred to provide a school district or a teacher
education institution with everything its own perscnnel will need to
conduct instruction. The people who cenduct the Course do not need to
take special training or to hire censultants.

The films and mimeagraphed materials ave intended to provide not
only the materials needed by the participants but alsu the instruction
neaded by the local discussion lsader, who conducts the weekly sessions,
and by the "corrector,” who reads and colmznts on the written lessons
wurned in by participants. One i2ader and one corrector are usually
appointed tor each ten participants. However, in some cases, the tasks
of discussion leader and “"corrector" are performed by the same person.
If the films are rented, the Course sponsor must schedule the showing
of each film so that it can be returned the fellowing day.

The Project offers consulrant services to interestad colleges and

school districts; Project scaff wiil help set up the Course or teach a
session., Assistance is availabie 24 nours a day by telephone.
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4.2 Student Prereguisites

The Arithnetic Proiect topics are supplaemantary, not in any particu-
lar sequence, and not assigned to a particular grede level. Teachers
participating in the Course are expected to transiate topics to practical
teaching situations in their own classrooms--grades 1 through 6.

Fach topic is illustrated by means of a film showing classroom
teaching of the nopic with ¢ specific class. Most of these films show
fifth-grade pupils, but that does not mean that the developers consider
these topics appropriate only or mainly for tifth graders. The developers
expect participant teachers to know the mathematical abilities of their
students and, thrcugh *he experience of their own learning of the topics,
to select aporopriate ones and precent them appropriatuly to their own
pupils.

While skill and experience in assessing students' learning levels
is not a prerequisite, the Course does demand a teacher's conviction that
such assessments are vital and realistic aspects oi' the teaching act,
and willingness te work hard to learn thic skill, Through its require-
ment that teachers solve homework problems and write problems for their
students, the Course aims to yive participants insight into the pre-
requisite skilis and concepts for each topic, and practice in designing
learning experiences Fuir their own pupils that will guide the pupils’
grasp of the tonic,

4.3 Teacher Prerzguisites

Participarts in the inservice Ccurse should be concurrently teaching
a matnematics class for eisnentary pupils so that they can experiment
vith and practice skills gained from the sessions. Teachers should be
prepared (o spend about “wo houis @ week complating homework assignments.

—— e e

The discussion leaders and corvectors who conduct institutes using
the Course srould azve ¢ "better than average background in math," and
be "interasted ia helping cthers improve their mathematics teaching."
Previous eiperience with the Course or with modern math is noi essential.

Tne discussion leades sprutd be teaching a class of elementary
students on whow Lo Ly 2ub the peronlen sequences presented in the Course,
this qaining understancing oi the task of transferring the topics to a
particular classroom. Bath the discussion leader and the corrector should
actively particisate in the Tourse by deing a1l the written lessons,

The discuscion tecder should be familiar with the district syllabus

and the texthoeks ~r prag s beiay used by the teacher participants so
as to be able to halo teachevs adapt topics to the curriculum.
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The discussion leader's experience and talent as a facilitator of
teachers' learning seem indispensable to the success of this Course.
The discussion leader's priority task is defined as drawing out ideas
from participants, not putting in facts. Simiiarly, the corrector's
task is defined as helping participants learn from their mistakes, not
certifying the level of their achievement.
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4.6 Demonstration Sites

The following is a partial Tist of school systems, colleges, and
universities who have used the Arithmetic Project Course. Further
information can be obtained from the Cducation Development Center.

Alaska: Anchorage Borough School District
Anchorage, Ala.

Connecticut: EDC Bridgeport Pilot Communities Project
Bridgeport, Conn.

[11inois: University of I1linois
Champaign, 111,

Malaysia: Seameo Regional Centre for Education
in Science and Mathematics
Penang, Malaysia

Montana: Western Montana Ccllege
Dillon, Mont.

Nebraska: Chadron State -~ lege
Chadron, Neb.

North Carolina: University of North Carolina
Chapel Hill, N.C.
5. PROGRAM DEVELOPMENT AND EVALUATION

5.1 Program Development

In an attempt to upgrade ¢lementary level mathematics teaching,
David A. Page and mathematician colleagues at the University of I1T1inois
Curriculum Laboratory in 1958 began inventing and developing new topics
in mathematics for the elementary grades. The products sought were not
mcre "new math" but rather fresh and interesting ways to present arith-
metic basics. The project was located, however, at the curriculum
laboratory directed by Max Beberman, "father of the new math.," The
project was supported by the Carnegie Corporation of New York.

Five years later, in 1963, the Arithmetic Project was invited by
the Educa.ion Development Center to develop Course materials for teachers
that would enable nonspecialist teachers to teach topics in their own
classrooms. This second phase was funded by the National Science
Foundation. '

A number of tonics were tried out in classroom situations, and of
these, ten were selected for inclusicn in the Lourse for teachers. The
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basis for selection was that they were mathematically rich, could be
taught by teachers with an average background in math, and were found
"to engage the intercsi anc imagination of children [and] are not too
hard for children to srlve. . "

To introduce :ts materials to teachers, the Project prepared an
inservice Course thal was self-contained and could be given without
expert mathematical guidance. Completed materials were tirst published
in 1963; a revised edition was released in 1973. The Course, formerly
called the University of 111inois Arithmetic Project, later became The
Arithmetic Project Course for Teachers.

5.2 Developer's Zvaiuation

No formal eviiuation has been made that shows whether or not the
Courses for teachers are successful in trausmitting their jdeas to the
trainees or whether there is transfer from the Course to the classroom.
This may be u seriosus lack in the minds of evaluation-conscious admin-
jstrators. Projcct staff at EDC report personal observations that more
than one-half of the trainees do use the topics in the classroom on at
least an occasional basis.

A questionnaire is given to the discussion leaders of all Courses.
They are asked whether or not trainecs are using in their classrooms the
topics and methods discussed in the Arithmetic Project Course.

Firom the responses cf the leaders, it appears that the extent to
which a teacher uses Projuct topics in the classruom depends on the
interests of betin teacher and studenis. The questionnaires state that
from one-half to "almost all" have tricd some of the ideas in the class-
roon. Lt is the developer's belief that teachers who complete the Course
"might be able £n dgyote @ fourth or more of their arithmetic class time
to pursuing Preicct materiais.”

One attempt has been wede to see whether students increase their
knowledge of mathematics when taught the topics and methods of the Project.
Standardized pre- and posttests (Stanford Achievement Test and Metro-
onlitan Achievament Tesit) were given to elementary pupils taught by
Project staff members {(nct teacher trainees) to elementary pupils in
Watertown, Massachusetis in 1968, The developer states the test showed
that the comnutational siiils of the students increased an average of
one Full gradc combared to the two control groups. They emphasize,
however, tiat standardized tests are not available to test the topics
developed by the Project.

5.3 Comments on the Program (Participaits)

At tile end of eacn Course the leaders are asked for comments con-
cerning the Course. Wlile most of +he responses describe the Course as
"yary good" and “excollent” there are some specific criticisms. A number
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of participants stated that not enough s ' ~tion was paid to primary
teachers (K-2) and that the appeal of tre Crurse was limited. Regarding
the mathematics involved, one leader wrote: “"The course assumes a
certain amount of basic mathematics knowledge. It seems to me it is
actually a second course for most teachers." Other participants stated
they often could not see the mathematical rationale involved and ques-
tioned using a newly contrived terminology for well-known concepts.

The films are occasionally criticized és being too long, having
Tittle relevance to the topic of the week, and being redundant about
the same topic. However, many leaders felt the films demonstrated an

effective method of teaching and had a "definite, positive impact on
teachers."

Despite such criticisms of the Course, many teachers speak posi-
tively of their experience usirj in their classrooms the methods they
have seen in Project films. “Third graders became enthusiastic viith
the idea of playing a game in mathematics," "The students were all
excited," "The sixth graders have developed a new attitude toward math--

not all drudgery--they now feel math can be fun." These are typical
of the comments made.

Their own successful experience with iiathematics gives many partici-
pants a better understanding of the problems children are encountering,
and a new-found confidence in their own abiiity.

5.4 Project Furding

The University of I11inois Arithmetic Preject was initially supported
by the Carnegie Corporation of New York. Subsequent funding was obtained
from the National Science Foundation and the Ford Foundation.

5.5 Project Staff

David A. Page, professor of mathemaiics, University of I1linois
at Chicago Circle was the originator of the Project.

Jack Churchill, Associate Director, University of I11inois Arithmetic
Project, Education Development Center, 55 Chapel St., Newton, Mass. 02160
is presently in charge of the Project and the person to whom further
inquiries should be directed.
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INTRODUCTION

A grewp of 20-yews=olds had collected : number of bird
andi il skulls und wanted to measure the capacities
of ithe brain eapitics, Tney dovised a meihod of mea~
suring them--filling ihe skull cavities with sand--

and then had to make a cubie container for measuring
the sard. A cubte ineh worked jor the cat and rabbi:
skull, bui noi for the bird's skull, so they worked out
a quarter-ineh container. . . . Few adults would have
been able to deviee us slegant erd eimple a solution

.

to a Aiffieult question of meusurement.

4 teasher. . Jsaid she began by dectdirg to buse all
teachirg on the premise that nc child should be asked
to aecept u mathematical trutih on her authority, which
meant that she had vto arrange matters sv children
could learw jrom themselvee, . o o She discovered that
whenever possible it was best tc use riacerial from

the ‘mmediute envivomment: leaves Jrom trees8 were a
batter "uppuratus" for underctanding pertmeter and
area than veotangles, 8o her pupils fitted stping along
the edges of leavee, and yot the area by laying the
leaves on filat pieces of paper marked ofj in square
units. 4fter o time, ghe e¢stimated, the children were
spending about a third cf the time experimenting with
meteriale, « thind of tne time discusging what they
found with each ~ther and the teocher, and a third
prustizing exills. She jfound little difference in
their computation work. They began detailed explora-
tiona: ‘'From a study of making polygons rigid, came
an tnterest in bridges and towers; from tesselation
with hazgagons cane an interest in becs, patchwook
quilting, -m’ modern architecture, « o "

Joseph Featherstone described the teaching of mathematics in English
primary schools in a series of articles in Ths Ney Republic in 1967 and
1968, from which the paragraphs above are quoted.l His and other observers'
reports of the active-learning innovations in England have deeply influ-
enced American schools. Now two mathematics programs which have grown
out of the English informal schcols movement are available in the United
States: the Nul“ield Malienmatice “eaching Prcjact, amd Mathematics jor
selwols., Both programs are designed to alter traditional mathematics so
that children can see tne mathematical implications of everyday situations
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and conduct mathematical investigations. Real-life objects are used,
and problems are posed stemming from children's own interests, in the
beliaf that school work of this kind makes children purposeful and
self-directing.

Both programs are described in this one report so that their simi-
larities and differences can stand out. The Nuffield publications are
aimed at the teacher and are not "potted lessons," in Featherstone's
phrase, but rather explanations of math topics, plus suggestions that
teachers can use to design lessons. Mathematics for Schools is a com-
plete, K-6 mathematics curriculum. There are detailed instructions that
tell the teacher what to do throughout each lesson, and exercise books
for the students.

Teachers using either program will need to adapt them to American
ways--or perhaps to learn some English ways. In either case, they will
find that active-learning math demands far imore preparation time, organ-
jzation, flexibility, attentiveness, and responsiveness to students as
individuals, than does a conventional curriculum.
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BASIC INFORMATION

Program names: Nuffield Mathematics Project and Mathematics for Schools

Format :

Nuffield: Series of 13 guidebooks for teachers, organized into 3
parallel "streams" running from age 5 to 13: computation, algebra,
and geometry. Also guides for supplementary topics, 3 sets of
activity cards, and 20 project manuals for upper elementary and
junior high students.

Mathematics for Schools: Six manuals for teachers containing lessons
for age 5 to 13, and 12 student workbooks.

Imiqueoness: Traditional and modern math topics presented through
children's experiences with manipulative objects and activities in
their ow. surroundings. This is the active-learning approach
identified with the informal, “"integrated day" English p~imary
schools.

content: Sets, counting, arithmetic, operations, measurement, integers,
geometry, algebra, fractions, decimals, statistics, probability, and
functions.

Suggested use:

Nuffield: Teacher uses guidebooks and inservice training to design
lessons which fit into the standard curriculum, or to design whole
new curriculur.,

Mathematics for Schools: Complete mathematics curriculum.

Tapazt awlienc:: For both programs, students of all ability levels,
ages 5-13.

Length of uae:
Nuffield: At teacher's discretion.
Mathematics for Schools: Math period daily throughout eighth grade.

Ails ror teachepc: Both programs include a series of teachers' guides.
In England inservice training accompanies introduction of these pro-
grams. In the United States training in active-learning approach to
mathematics is strongly urged.

Date oF nubllzutio::
Nuffield: Publication began in 1967; not all materials are yet avail-
able in the United States.
Mathematics for Schoels: 1970-74,
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D lpestorg/Developers:
Nuffield: The Nuffield Foundation and the Schools Council, Nuffield
Lodge, Regents Park, London N.W.1, England.
Mathematics for Schools: Addison-Wesley Publishers Ltd., West End
House, 11 Hills Place, London, England. The late Harold Fletcher

was senior author of the program.

ublisher:
Nuffield: John Wiley & Sons, Inc., 605 Third Ave., New York, N.Y.

10016.
Mathematics for Schools: Addison-Wesley Publishing Co., International

Division Headquarters South St., Reading, Mass. 01867.
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1.1 Goals

"The Victorian clerk, sitting on a steol in a counting house,
kept his ledgers meticulously," the Nuffield developers recall. "He
wrote in beautiful copperplete, his immaculate figures were neatly
underlined, and nhis caiculations were always accurate. . . . Elementary
education as it then existed encouraged the growth of these skills,"*
In the twentietn century, when "the pace of 1life began to quicken,"
elementary schouls took on the responsibility of teaching speed in
addition to neatness and accuracy, but the arithwetic was basically the
same.,

Now, however, the age of computers renders bLoth the Victorian and
the twentietn century clerk nearly obsolete, und there is need for
“people who can avsess situations, who can formulate and solve probiems."
The value of wathematics for the average person thus is to gain not
conputation skiil but intellectual power. Even more, "Mathematics uffers
a way of orderiny all experience" because it reveals pattern and rela-
tionships--aestnetic and philosophical insights. Elementary-school math-
ematics today ourht to be a fuller thing, then; not just arithmetic.

And it shculd be cleasurabia, not dreaded. 1T these changes are made in
early school years, matnhematics can be opened up to all students, not
just those wne way become professional mathamaticians, scientists, and
engineers.

Both the Nuffield Mathamatics Project and Mathematics for Schools
intend to broaden the content of the mathematics taught in the elementary
school, acd te change tne manner in which students experience math, The
two programs emphasize n active-learning approach. What the student
should nain from active. naturalistic, modern math is summed up by Edith
E. Bigys, one of the originators of this approach.

Our aims. . .are to give our students (1) the opportunity
te think fo- themselves. (2) the opportunity to appreciate
the order and satiern which is the essence of mathematics,
not enly 10 the min-made byt in the natural world, as well,
and 13} tne needed skills.?

Juseph Featherstone i13t5 the active-learning teacher's criteria
for a good thinker: ‘'Corfidence, concentration, and an ability to make
informad ratner than haphazard gquassaes and estimates; mental habits of
synthesizing ideas and making analogies; the capacity to communicate
thoughts and feelings in various ways."3

*Unless otherwise indicated, all quotations are drawn from materials
issued by tne developor,
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To these cognitive aims are added the intention to make math
‘practical and bound up with real-life experiences and interests of
youngsters. In this way deveiopers hope to changs children's attitudes
toward math from boredom, feuir, and fcelings of i1nadequacy to enjoyment,
purposefulness, and confidence--what Harold Fletcher, senior author of
Mathematics for Schools, called an "i'll have a go at it!" attitude.

The English educaturs' use of the word ;jy-edun Lo mean infermality
is frequently misunderstood by Am~ricenz. as is pointed out by
Featiierstone in his comments on American adaptations of tha British
active-learning approacn.

Letting children talk and mova about is helpful ir
establishing a setting in which the teacher can find
out about students; it helps children £ learn actively,
to get the habit of frauwing vurposes irdependently,
using their own judgment. Lur tinds treedom 1s a means
to an end, not a goal in itseif. . . . Informality is
pointless uniess it leads to inteilectual stinuleiion.
Many childeen in [Anerican] ‘rreg' sehoois are ot
happy, and one suspecis that part of the reason is that
they wre borad with their own lack of intcllectual
progress.4

Both Nufficld and Mathematice for Schiools recugnize the ability of
youny children to yrasp the “"purity and vrder” of nathematics--its
abstractness--if encouraged to do s.. Edith Bigys says that making this
aspect of mathematics avai'able tu averag. as well as Lright children
can result in the early discovery of uiusual creativity and persistence
in somec students who do no: shtow other signs of high intelligence. In
practice, however, teachers who themselves lack wathematical confidence
tend to “condemn children to the cternally nundane--the postman and the
candy shop," Featherstone obsurved.8 Thus Harold Fletcher, putting
together Mathamatics for Schouis after his experience in the Nuffield
Project, was determined tc stress math's patterns wore than its prac-
ticality. "I prefer michemuri-z to Lie risults of mathematics,"
Fletcher deciared.b

Preparing students for mathematics in British secondary schools is
a high priority for developers of botir pregrams, First, students must
be enabled to pass the nationa! examinations for entrance into secondary
school. But, of equal importance, they must buila deep concertual
foundations during their middle ycers fur the advanced algabra and
geonetry they will encounter in sesundary school.

Although the programs share meny similarities, they differ in the
stress thay place un individualized learning. Because the Nuffield Pro-
ject set a goal of helping teachers identify every student's individual
learning stage and style and dzsigned a Tearning program to fit, it
offers a teacher suggestions rather than set lessons. Tn contrast,
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Matnematics for Schools did not attempt this complete individualization,
.and.pvovides instead a standard curriculum with nutions for flexible
DALTING .

1.2 Ratignale

By dedicating its series of teccher's guides ' tha Swiss psycholo-
gist Jean Piagel, the Nuffield Project acknowledges that it borrows its
fundamental appioach from his theories about the stages of growth which
children pass through in developing thinking pover. As an adaptation
cf Nuffield, Mathematice for Schools is basad on Piagetian theory too.

In poth programs the curriculum units for early years are designed
to engage and stim.late children who are in the stage of intuitive
ogmiing, in which they gather information frowm the appearances of
objects or events ratiher than by testing their real nature. By experi-
encing, undersianding, and assimilating a rich variety of things, places,
and happenings, children prepare themselves for the stage of concreie
guerailoat, in which they can work investigatively with problems that
involve the use of objects they can manipulats. According to Piaget,
each child's moveaent through these stages is individual but the general
pattern is that it takes until the age of 11 or 12 for the child to be
able to learn ¥rom abscracted information right away instead of from
concreta experience Toliowed by concepts. Piaget's theory is the basis
for buth programs' emphasis on children's play-like work with a great
variety of materials--sand and water, objects for counting, shapes,
devices for measuring--and on the teacher's Jissuwssing the meanings of
children's own experiznces, rather than c2172:xz them rules and formulas.

In the Muffield Project Piajget's thzory is also used as tne rationale
for recommending that icachers regularly diagnose each child's level of
Tearning and custom design his learning activities. Additionally, Piaget
is the basis For their series of diagnestic guidebooks. In contrast,
Mathamatics for Scheols sets forth a standard curriculum without any
diagnostic test:. This may indicate that these authors attach less
imoortance to the teacher's crying tu chart a Piagetian learning path
for each child separately. '

Both pirograms share the wodern mathematician's rationale for teaching
children nove meth chan +s comprehended in arithmetic, both because it

is inherently incoresting to children and because arithmetic alone is
no longer adequate ureparation fur later life.

2. CONTENT AMD MATVERIALS

2.1 Content Focus

Nuffield Proiect writers describe the mathematical content of their
Werk as "dirdeing cogeiler the besc of Lhe new and the best of the 0ld."
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However, they emphasize that they intend the teacher to focus on how
children learn, not what they learn, and in any event it is left to the
teacher and headteacher to select which of the Nuffield topics to teach.
Nuffield developers accept the real possibility that the schocl people
will leave out iost of the new stuff, and use the guides only for "enrich-
ment" at first. Be that as it may, the follewing list of topics covered
in the Nuffield guides conveys their intention ta gradually modarnize

tha traditional curriculum, not unly in methodotogy but also in content.

Topivs For ages & vo 9 in Nl iell guidess

Number work: sets, counting, addition, muitiplication,
number line, subtraction, and modular arithmetic.

"Environmental® work: weight and volume, lenoth ang area,
Geometrical work: "shape and size," straight lines, angles,

7 verticality, horizontality, perspective, symmeiry, and
patterns.

Pictorial representation and graphs: open sentences, truth
sets, Cartesian coordinates, and graphs.

coples for ages 9 to 13 inm D)

[

o ba guidzs:

Arithmetic: positive and neyetive nusbers (integers),
subtraction, divisior, fractions, decimals, indices, and
large numbers.

Geometry: rigid and non-rigid shapes, symnetry, rotations,
reflections, translations, tesellations, two-dimensional
patterns, vectors, iuvariants, relationships (squares,
cubes, circles). similarity and ratio, and topology.

Algebra: symbolic forms of arithmetic and geometry, graphs
of inequalities, intersection of two graphs, graphs using
integars, mechanics, speed and gradient, and functions.

Probability and Statistics.

A booklet designed tn present the rationale for modern math to
parents gives Nuffield definitions of the elementary leyel topics as
well as the Nuffield designers' plan of now the various topics at
varigus levels reinforce eacn other. This is Your Child and Matnematics
by Professor W. H. Cockcroft, chairman of the Project's consultative
conmittee.

A1l of these [arithmetic, geomutry, and algabra] are
woven together; none can stand senarately. . . . The
At is to leach children to swe vathematics as a unified




way of thinking about the world, nol as a separate
colleciion of technical subjects. . . . In cach of
an nand . sve, and Enought all have a part to play.

This hootlew, weitt:n tor traditional-aritimetic-minded parents,
shiould be indispensaliie Lo teachers. Together with the index of topics,
Cinr v, oo boe, AT Cinozerve 45 o syliabus of the mathematics covered
in the guides fer ages 5-11.  Cockeroft makes clear that the ideal use
of the materiai in the guides is to Tit it into a stronyg, comprehensive
mathematics tramewort of a decidedly modern design.

;
sl

A good deal of wmpnasis 13 given throughout the guides to the
importance and the nature of tne geometry which is presented.

As you will see, s [active-learning] epproach brings
idacs previously toeated in geometry lassons at the age
of 17 ov id to a much Tower zga yroup. 0OF course, to
do tnisz  the trzatment of the work must change. . . .
One doas aun axdect primary school children to be
proving theovems.” One does expect tnem to be
devetaning  from practical experience, an understanding
of vasic theorerical geometrical concepts.

In middle schoct years {aves ¥ to 13), “thic marriage of practical
geometrical work wizn theoretical work" will be accumplished through
"the theoretical intevpeatation of turning, moving, reflecting, and so
on." Cockeroft atss explains the reason for introducing algebra to
children: it 1s o syabolic systew to be usca tou express the patterns,
and the rules that rn Le meoe about these patterns, in both arithmetic
and geometry.

it i< the uppect of the Nufficld Project to give
hignly aostio ot oymbolic algabraic wark to middle
school chijdeyan, but it i3 [rather] to see that they
Teave middle schoc) ewars of many of the algebraic
pattarns prasent 1u all their work. .

Teachers using mufoieid guides frequently neglect the theoretical
coghases which Jere datundad by che cumciculum designers, probably because
the teacners de nos toamaveices ncarstand the abstractness of modern
sctnematics.  Yhe pate Mo ot Fletcher atteunted to remedy this not only
by educating teaciers (his cuuvses {or teachers were famous throughout
Englend) but by combining nis hiffield ard his teacher education experi-
ences into a structural surviculum series. This series, Mathematics for
Schools, covers basicaliy the same topics as have been listed for the
Nuffield gusides.

2.2 Lonzent and nyinizabicy of the fubciyisions

Vem frt e i ——.

"Stecams’ i ovhe tultiald guidec.  The nondirectiveness of Nuffield's

[PORR N i - - -

Preseatavs o seadic rof o atarpeeted to imedan that the guides themselves




have no structure. There is a sophisticated, intended framawork on

which suggested activities are to he hung. Whether teachers use this
subtle framework or one similar, or construct their own, depends on

their own experience in teaching and in mathematics and on the curriculum
structure and teacher-supporting resources of the schools in which they
work. The guides assume the existence in England of teachers' centres,
where the Muffield topics are exploined by a wathamatics consultant,
discussed, changed, fleshed out, tailured to individual classrooms, and
practiced.

The guides are nrganized into three "strezams," which run from
beginning through advanced levels: Computation and Structure (Books
1-5), Shape and Size (Books 1-5), Graphs Leading to Algebra (Books 1-3).
Computation is symbolized by a circle, Shape by a triangle, and Graphs
by a square. A1l guides except Book 5 in Shape are available in the
United States; publishers expect this guide to be available in late 1974.
The material in each stream rises and broadens in difficulty and com-
plexity from age 5 till age 13. Thus, in general, topics are meant to
be taught in the order in whichk they appear in a book, and hosks within
a stream are to be taught in ordcr., However, the three streams have to
be intermingled. Suggestions for doing this are offered by means of
referances from one topic to other topics in different books. Inter-
mingling is complicated by the fact that the streams do not begin at the
same age level, and they advance at differing rates. Thus, firaphs &
presnets more difficult material than Comousation 2 or Shape 2.




Bouk 1

Book 2

Book 3

Book 4

Book 4

The following is a chart of the topics which appear as teaching
units in the Nuffield streams.

Computation & Structure

relations, sortiny, 1 to 1
corresconden-e, conserva-
tion of number, ordering,
counting, numerals, number
strip, addition. mapping,
presubtraction (aces 5-7)

development of natural
numbers, length, weight,
capacity, addition,
place value, tine,
money (ages 6-8)

addition tebles and
problems, commutativity,
assecialivity, subtrac-
tion, multiplicaliog
simple sharing, faStur,
and priwes, fractiens
(ages 7-11)

extension of glace valve,
moduler arithmetic,
integers, application of
integers, large nuib.rs
and indices {agus 1iJ-13)

addition 9 deeimal
numbers, rationidl nubors
as equival=wnre (lasio, of
ordered pairy of neiural
nusibe e s and ws D9Ta0s 0
a nurbor line, ordrring
and four fundamenia;
operations {anes 10-14)

Shape & Size

sand and water piay;
picture, pattern, and
mode} making; music,
movement; bricks, con-
structional play (ages
5-7)

3-dimensional space:
voluine and capacity;
Z-dimensional space:
symeiry and regular
shepus, area, right
angles and half right
angies, perpendicular
end parallel lines
(ages 6-9)

arca, velume, parallels
and :nqgles, circles,
tesellations, reflec-
tiondal symmetry,
resular polygons,
translations (ages
7-11)

2-dinnnsional patterns,
veclors, invariants,
simlariiy, relations--
area to volume, etc,,
odel reking, enlarge-
tents (ages 11-13)

Puliiichars expect. this
quivc Lo be available
for Jdi<tribution in
laLe 10/4,
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Graphs Lcading to Algebra

block graphs: interpreting,
using for computation and
for science reports; graphs
showing sets, inequalities,
tynputation, measurcuent
(1ges 5-10)

coordinates, open sentences
and truth sets; graphs of
inequalities, intersections,
and coordinates using the
integers; open sentences
ard graphs (ages 8-13)

ratioral numbers, simulta-
neous equaticens, simple
linca; programming (ages

3
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A Nuffield unit. Nuffield guides address the teacher, not the

student directly. Each guide is divided into sections; each section is
devoted to a single mathematical topic. These sections are similar to
units in an American textbook series. A scction explains the mathematics
of the topic to be taught and presents suggestions tor activities through
which students can first wsoeiooce the werking of the concept and then
dalyne vihat s happening and discover patterns. The suggestions include
(a) descriptions of nuw to intruduce topics, pose sroblems, and initiate
student activities; (b) assignments which car be cupieu onto cards and
handed out to individuals or grcups of students *o do by themselves;

(c) ideas to be coverad in teacher/student discussions: and (¢) repro-
ductions of pictures, stories, graphs, and sums deone by children in
Nuffield classrooms.

Tha series also includes a sot oi “wezaving" guides which are 1ik.
supplementary or enrichment units in an fierican curriculuin, General
guides present an overall view of the series and «xplain how clements
interrelate. Moduies. each cunsisting of ‘a short teacher guide and student
task card, cover selectzd supplementary topics for 11- t2 13-year-glds,

The curriculum aiso includes tiree sets of problems for this age group.

Units and levels in Mathematics far Schools. The Fletcher wiriting
group labeled their work an “integrated sories’ tu distinguish it from
the Nuffield Guides' three streams and do-it-your -2lf approach, Math-
ematics for Schools arranges lessons into Level 1 (corvespording to the
nongraded English “infant schooi"--ages 5 through 7) and Level il
("junior scheel" and first two years of secundai y school--ages 7 through
73). Within Level II there are five cuplevels. The lists on the
following pages show the topics treated within pach level and wiake

clear the spiraling sequencing and the intevweaving of computation,
alyebra, and geonetry, similar i that in Muffield. Each title in e
list is the name of 2 unit (called a sectis in the Teacher's Resource
Book). A unit mey contain from one to ten lessc.s, cach consisting of
develsomental activity, discussions, and axercise pages. The exercises
for several units are combined into baoklets called Childean's dookes,

of which there ure seven in Level [, and ten in Lavel 11,
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Units for primary level (ages 5-7) in Mathematics fc- Schools
(1isted in the order in which they appear in the teacher's manual):

Introduction to Sets

Sets and Subsets

Solid Shapes

The ldea of Matching

Cardinal Numbe:: 2, 4, 3, 5, 1

Ordering Cardinal Numbers: 1-5

Cardinal Number and Sequential Patterns: 0, 6, 7, 8, 9, 10

Cardinal Number: 1-10

Solid Shape

Pre-Measurement Activities: Length (meters)

Introduction to Addition (number line, mapping)

Basic Addition Facts: Totals to 10

Comparison: Taking Away, Adding On

2-Digit Numbers: Introduction

Measurement Activities: Capacity, Mass

Counting M ( 4dition by counting on a number line)

Counting Or . ‘.. Addition

Countiny Back ana "Taking Away"

"Taking Away" and Addition: Exchange and Coin Recognition
(vertical addition and subtraction)

vSets OF" (commitative property of multiplication)

Sharing

Algebraic Relations: Open Sentences and Truth Sets

Addition: Comnutative and Associative

Measureient Activities (heignt, length, mass, capacity, time)

S0lids: Volume, Faces, Plane Shapes

Algabraic Relations: Open Sentences and Truth Sets

Plane Shapes: Covering Surfaces

Algebraic Pelations: Inequalities

Plane Shapes: Conservation, Vertices, Edges

Upen Sentences and Truth Sets

Symmetry
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Level Il (ages 7-13) in Mathematics for Schools:

Bouk |

Tallying and Addition
Difference and "Take Away"

Envichment: Numher Facts

Addresses and Fegions

Measurement: Length (m and cm)
and Mass (g)

Multiplication

Measurenent: Time

Sharing

Symmetry

Addition: Tens and Units

Book 3

Statistice

Addition: Hundreds, Tens, and
Units

Statistics

Measurement: Areda {cmé)

Difference: Hundreds, Tens, and
Units

Measurement: Mass (y and kg)

Multiplication

Angles

Number Patterns

Bavk 5

Basas

Statistics

Addition and Differance
fractions: Addition
Measurement: Accuracy
;lyebraiz Relations

Sorting: (lassifying Shapes
Muttiplication

Fractions: Multiplication
Measurement Area (cmé)

Roor 7

SUrVEYINY

Decimals

Division

Vectors,

Yractions

Frobabiiity

Uecimals

‘navast Circles and Siscy
Migebraic Relstiors

Tlow Charts

Book 3

Algebra: The Laws of Arithmetic
Pythagoras' Theor=n and Sguare Roots
Integers
Vectors
Enrichrent;:
Punched Cards
Synmetry
Money
Measurement:
Notation
Plane Sahpas

Computation

Sigrificar.e anc irdex

Lok 2

Additien ane Difference: Tens and Units

Measurement: Area {cm2), Capacity, Volume,
ana Mass (g)

Multiplication

Angles and Uirection

Addre.ses andt Regions

Sharing

tnapas: Froperties of Plane Shaves

Book 4

Adeition and Difference lnvolving Money
Measurement  Height and Length
Multiplicavion

Angles

ivision

Introduction to Prcbabitity

reaciisns

Algebraic Relations

Shapes: Circle

Intraduction to Decimals

5wk 2

Flow Charts
Division
Shapes:
Frachions:
Pruoability
“nasurenient ;
Fattern
Dacimais
flczbraic Nelations

Translatinns, Reflections, and Rotaticns

5olid ~nd Piane
Hultiplication

Volune (cm3)

Bouk 3

integers

fractions
Transformations

e wals ong “ercentages
Algenraic Reletions
Poasurement:  Jolune
Statistics
Proporion

Time and “peecd
Tinrlaetty

Tntegers

dori 3

Relatrons and Functions

Intowrs Rationals,and Reals

Phaw (acts

fautings and Northings

Frobabi. ity

Measurement:
Jensity

Thrichment:

“unilarity

rormulas and cquations

indices, $1ide Rules, and Logarithms

Yolume, Mass, and Relative

Culnputation
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2.3 Materials Provided

Student. Puecblums—-lrcon Seuy cwoblerms--ied Sei, and Problemg--
Purriz et,  These are sets of activity cards with arcompanying teacher's
book giving answers, discussions of the problems, and ideas for follow-
up. In general, these are mental puzzles which can be done with paper
and pencil rather than with manipuiative materials. They are meant for
students of 11 years and older.

 Wori exrde, Each of 20 modules (see description under teacher in
this section) includes a set of about 20 cards. Students complete paper-
and-pencil and active-Tearning exercises individually or in small groups.

Several kinds of apparatus have been designed by the Nuffield
Project, notably the Multiboard, a collection of number strips, cubes,
colored washers, pegboard, rubber bands, slide rule, Napier's rods, and
114 squave. This must he obtained from science and math equipment
suppliers rather than from the project.

The 13 student books in Mathematics for Schools are not texts but
workbooks containing only exercise pages. All instruction is carried
out by the teacher. In Level I (ages five-seven) students write in 7
exercise books. Level II has 10 exercise books, all of which are stiff-
cover and meant to be reused. Children write exercises on separate
pieces of paper. These books have 1ittle narrative ins<ruction and thus
do not depend heavily upon the student's reading abiliiy. Lively,
richly detailed cartoons illustrate the exercises and instruct the
student; for instance, at the end of the exurcise pages for each lesson
¢ cartoon of a child holding his hand up signals the student to stop
work and see the teacher. This ic to prevent the child from beginning
new vnitten work before the teacher's introduction of d ~~lopmental
activities.

Teacher. .cachers' o' lee. The 13 Nuffield gquides .. achers
are small softcover booklets with both biack and white and full color
illustrations of children's work. These exuberant and charming samples
of Nuffiald results should be powerftul motivation to American teachers
to cope with the Englishness of the books and to undertake tha work that
must be done t¢ translate ths topics into American classroom lessons
Teachers should study the whole series of guides to get a feel for the
sequencing of topics and intermingling of streams. Then they can pick
individual guides from whic: to develop lessons,

Vemyinn guidse, These eignt booklets are of the came design as the
teaching guides; they are like supplementary or enrichment units in an
American curriculum: Hnv to Build a4 Pond, Desk Calculators, Probability
and Statistics, Mathematics witn Everything, Computers and Young Children,
Logir, Nuffield Geometrs, ond Lnvirormenta” Geometry. (Becausa the
American publishers consider the last book, Environmental Geometr , too
expensive to distribute, it will only be available until the current
supply ; exhausted.;




Gemeval Guides. I Do, und i Undnescand (how to change over to
active learning) and Your Chiid end duthemarics are introductory book-
lets which should be read in preparation for serious work with Nuffield.
Other general guides which teachers may find useful include Th2 Story
o Far (an index to materials covered in the three streams--Computation
1-3, Shape 1-3, and Graphs 1-2), Muth: lhe Fipst Thrse Ysars and Mzt
"he Luter Deimcry Years (general description of mathematical activities
which teachers should encourage), izits wiith Fuerything (explains
how teachers can provide valuable math experiences for b- to 7-year-0lds),
and Inze Secondary Scheol (now Nuffield mathematics can be used with
11- to 13-year olds). Film summaries of three of these books, I Do,
and I Understand; Maths with Everything; und Into Secondury School, ara
available.

Eyatuation Guides. Twe primary level evaluation guides, Check up
i oemd 2, are available.

Modulec. Modules consist of about 20 work cards for students and
a short teacher's booklet. The bouklet contains drawings of the cards
in addition to backgtound information and e«planation. The modules,
intended as supplementary material for 1i- to 13-year-olds, may be used
in any order with groups or individual students. Modules currently
available in the United States are: fpzec and Jradienmt 1, Dezluile 1,
Wumber Fatterns 1, Swamatry, 30 Augloe, Courges and Beawingo. The
publishers have ordered 15 additional muduies; they are not yet avail-
able for distribution.

Therc are six Teuchsr's Nesourc. Lo ks in Mathematics for Schools:
one for Level I and five for Level II, They provide the organization
for teaching through all nine years of the curriculum, as vell as the
planning for each daily lesson. They are coficover, 11 x 8% inch books
which include small reproductions of the children's exercise pages.

2.4 Materials Not Provided

The everyday objects called for by tne Huffield guides and the
Mathematics for Schools Teacher's Resource Book must be gathered, organized,
and efficiently stured by the teachar. The following list gives only an
inkling of the kinds of things the teacher will need.

Sand, watcr, dried peas, acorns, hails, matchboxes, stravs,
pipe cleaners, cubes, cylinders, culored beads, balls, bricks,
Cuisenaire rocs, Diznes blocks, balances, equalizers, rulers,
compasses, protractors, string, jars, boxes, scissors, puzzles,
plasticene, tiners, clocks, and thermometers.

Everything is curefully sclected tvor its teaching purpose, - In T
Iz, wrd T Undirgtand the Nuffield developers caution:
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"Setting the children free" does not wean starting a
riot with a roomful of junk for ammunition. . . .
Storage i: the important is<ue here, A1l materials
should be adequately stored in suitable containers,
clearly labelled, in a precise position in the class-
room. . . . Expense is involved [in gatheriny
measuring devices], but the criterion wust always

be that of quality. Inadequate tools only lead to
frustration, and one really gond pair of scales is a
far better value than five inaccuriate ones.

The activity cards suggested in the huftieid quides must be pre-
pared by the teacher, personalizing for her own students the ideas
sugyested in the book. Eventually these assignmencs are supposed to
arise entirely from the teacher's observation of each child's activity.
The task assigned must always involve more tnan active measurement or
"mental agility"; it must make the child look vor patterns, consult
with the teacher, form judgments, and ke decisions,

The Nuffield developers also recowinand having seme conventional
mathematics texts and workbooks in the classroow a< source books for
the teacher and references for students. Teachers wio helieve that
students need drill cun use exercises from such books.

3. CLASSROOM ACTION

3.1 Teaching-Learning Strateyy

Both the Nuffield Project and Mathematics for Schools try to give
the student a concrete experience of a mathematics concept and then to
help him capture it in the form of an idea which he uses over and over,
in later Tearning and in different situetions. "Active-learning” is
their catchword for this process.  Both programs intend to move child-
ren gradua 11y beyond concrete experiences and their conconri tant com-
putational skills into recognizing and working with the abstract
patterns which ars the essence 0Ff mathematics. Mathematics for Schools
wovas more assertively in this divection because 1ts lessons and cur-
ricu™nn are speiled ott, while Ruffield guides only suggest what the
taac.2r should do.

Nuffield stages in learning. Jn their introductory guide, I be,
ol i Uidoraran ., the Huffield deveiopers sketch the "discovery" line
of Jevelopnent for a ¢hild teaining mathematics: "axpe- imentation -
tninking =+ communicaticn.® They veject "demonstration —» explanation.?
memory > pracoize” hecause Mmenory, although @ useful tool, is clearly
Fickle” urless 1t s Vinked with o o oziptadd undorg sy already
Tived in the child's mind, and "practize is necessary, but there is a
significant difference butween pracrice chut is mere repetition, and
practice thal reinforces ¢ e’y ooy wi e (Emphasis added.)
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Mathematical activity . . . can derive trom the most
commonplace objects if and when powers of observation
are developed . . . . Initially the role of tne teacher
is to help the child tov acuuire acute powers of obser-
vation and to assess the possibilities thal 1ie within
the mo:t commonplace objects and events . . . then

. . . to provide interesting materials ic stimulate
further work . . . . The situation must be carefully
structured by the teacher it the children are to make
real discoveries.

Whenever new materials are introduced there seem to be
three separate stages through which children must pass.
At €irsi the child naeds a period of free experimenta-
tion with the material . . . . The second stage involves
the introducticn of the necessary vocabulary relatec to
the particular materials . . . best introducad through
teacher/child discussion wnile the materials are actually
being handled, The third stage sees the emergence of a
problem--prsbably some question thet has arizen during
the discussion. Thi. sequence seems to arise naturally

. . . . It is representative of an uncuirusive, yet
carefully structured, situation.

It is vital that the materials and situation give rise to a problem
that is natural and important to +he children, so that they will wish to
solve it for its own sake and not to carn a reward. After the problem is
met, children size it up and lock for ways to fird the answer, working
first with concrete things and then with the abstract skills they have
iearned. This is the #h.ixkizy; siage of Nuffield's lexrning scheme. 1t is
pcwered mainly by the teacner': discussion with the siudents.

The role of the Leacher today is not to stop children
talking but rather to ensure that there is something
very werthwhile for them to talk about . . . . The
quality of the discussion will be dirsctly dependent
upon the quality of the teacher/class re'ationship . .
. . If discussion is to feuter not only lanuage but
thought and reasoning, iher it weeds to take place in
much smaller acouss lor] batweeen @ teacher end a small
group Gf children,

Finally the studants record what they 7ind out: the coamnication stage.

[Th=] time comes when the children feel the urge to
communicate . . . Sometimes thev get stuck for lack
of an adequete vocobulary, Hers Uie eole of the
teacher [is to] infiltrate the necessary vocabulary
inty nis responsas [so that] the child hears words

in the context of an enjoyable exgperience.




Reports may be written in journals, or kept in folders. Some reports are
net words but drawings and graphs. 1t is important that children get to
neep their own work so that mathematics becomes part of their value
@xperiences.,

A11 of the Nuffield guides enhance the reputation of the English for
subtlety and understatement. This leads to some uncertainty in the teacher
about the practical matters of doin: the thecry, as the developers acknowl-
edge in a characteristic understatement. "“There is sometimes a little
concern among teachers as to the kind of materials to provide, and when to
introduce them." This is a significant drawback of the guides and the cause
for Nuffield emphasis on teachers' inservice training: If a learning
situation is not carefully structured, the problems the teacher asks the
students to solve will not be meaningful or profitable.

Mathematics for Schools stages in learning. Experience with Nuffield
quides Ted Harold Fletcher and the Mathematics for Schools authors to
specify precisely what situations and materials to use, to prescribe steps
for every lesson, and to arrange lessons in sequence. They particularly
considered Nuffield's thinking stage too ambiguous, and so they spelled
out ways to translate each set of concrete experiences into mathematical
terminology, and they provided paper-and-pencil exercises to make sure
tnat children consolidate the insights they gain. The Teacher's Resource
Book sets out this diagrun for a lesson.

NEW
REAL SITUATIONS LOING DISCUSSIUN  PRACTICE  SITUATIONS GEi ERALIZATIONS
Coucrete Activitie., Textbook  Applications
Materials planned and studies &
spontaneous activities

This pattern witl not work unless the teacher follows these requirements:

You should introduce the number operations and the
associated facts only after much discovery-activity
and discussion using a variety of concrete materials.
"Getting to the sums" too soon can often impede
rather than enhance mathematical progress.

After discovery, you must give the children plenty of
practice and time to develop and consolidate their
understanding of mathematical concepts. [t does not
£01low that children always remember what they discover.

You should encouraqe the children to constantly seek
environmental situations appropriate to the [topic]
under study. Such situations may arise spontaneously,
or they may be set up and guiaed by you, but they must
have meaning for the children, for they will learn
little mathematic: that is not real to them.
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You must not allow the children's mathematical
progress to be held un by lack of ability to
verbalize. [If the children understand the landuage
of mathematics] they will make progress in other areas
of study.

The Tast proviso sugyests that the Flatcher group does not place a
priority on Nuffield’s cxpunizut<ion stage. Mathemetics for Schools ‘doc
not suggest that children write extempuraneously absut their wath work,
Children's discoveries are rocorded in their exercise razes. The "Foliow-
Up Activities" sugaested in the Teacher's Resource Book as applications of
the concept learned tend to be [ncnverbal] erercises, projects, and games,
as are the "Enrichment /ctivities®,

3.2 Typical Lessons.

uFyiel !, Here is a description of the material on length presented
at the start of Ceron! ihica vl Siouetare ., This guide is recommended for
"early years in the junior school"; that is, for children around eight yeais
old, or those whe have developed unncepts of "longer than," "shorter than,"
"higher or taller than," "near and far." The length of teachina time for
working on this material is not suggested; nov is there a plan for breaking
it up into daily lessons.

Early experiences of lenath will best be carried out
by children using any sort of measure that suitably
comes to hand: lengths ot paper, book-lenaths,
knitting needles, matchboxes, stride:, spans [hand-
breadth:] and finger lenachs; something the child

is familiar with and vhich he urderstands. e snhall,
of course, L:e worring towards the need for, anu lhe
discovery of, »ivin? wailae.

The use of fingers, hards, arms, feet, ond strides as conmon but
approximate measures is expiaired and diagrammed in a chart of digits, palms,
spans, cubits, and rathoms, which the teacher can rupy for her class. Teachers
are told that with these historical units o/ measurement "we can begin to train
cnildren to estimate before actually mcasuring . . . Land] let them discover
themselves . . . that we car never neasure anything cwacly.”

Assignment cards (“task varcs,” "“iob card ") are siown., Such tasks are
to be undertaken as individual cr smal! avroup work or to Le directed by the
teacher if read .. .bility i¢ limited.

1. Heasir: yor neck, vrist, «nd waist. What will you use
to d¢ it s? Mow mar, ‘weist measurements® will go round
your neck? ({Ectumate first.  How many neck measurements
will go round your waist? (tstimote first.) See if your
measuremerts are ¢ifferant frem your partner's.
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2 Measure the length of tne desk using (a) cubits, (b) spans,
(c) palms, (d) digits. First check with the chart that
you know what these are. Which did you find gave you
the best measurement? Which too¥ the longest tou do?

3. Which human units would you use to measure: the height of
a giraffe? the height of a horse? a mouse from nese to
tail? the length of your garden? Urite dewn some more
things you could measure and say whicli units you would use.

The guide reiterates to the teacher that thase exercises are used to
show children that human measuring units vary in different people so that
there is a need for fixed standard units. It mentions that Piaget found
that children naturally proceed from measuring with whatever is convenient
to usinyg standard feet and inches. There are a few varaqraphs which the
teacher can adapt to tell her students atout the history ot introducing
standard measurements in Britain. Now the teacher is ready to introduce
standard units and assign practical measuring tasks in the room or school-
yard with foot and yard rulers and a trundle wheel (a wheel with a
circunference of one yard, meter, etc., which clicks each time it makes
a complete turn).

Next the guide suggests the teacher move from this real-world
experience to abstracting experiences like those on the following assign-
ment card: making ordered pairs of numbers out of yards and feet.

YD FT Compiete this table.
1 3 Can you explain what you were
2 6 doing?
3 9
4 12 Can you use this table to change
5 yards to feet or feet to yards?
6
7
&
e
10
33
36
39
42
45

A wey to make a graph illustrating the cenversion of feet and yards
is iilustrated, but teachers are cautioned .ot to get anything but whole
feet ana whole yards, for children are not yet ready for fractions and
decimals. They are ready for work with rulers that show inches, however.




They will want to find the length of the "bits and
pieces" which are left over at the end. This is the
time tc make the inch rulers available (without other
sub-divisions if possible). . . . Some foot and yard

rulers, now witn inch divisions, will also be helpful
at this stage. ,

Several activity cards are shown which call for children to measure desks,
tables, bookshelves, and corridors and express measurements in two ways; for
instance, "5 ft 9 in or 69 in."

Piaget is cited again in explaining that young children do not under-
stand conservation of length when objects are not straight. Several
activity cards are shown which call for children to measure zig-zaas,
spirals, curves, their own feet, objects they find in the.classrcom, and
finally circumference and diameter of objects.

Here the child will need an intermediate model of the
object he is measuring--in measuring round a tin 1id
he will take a piece of string or tape measure to
acquire the appropriate length and match this in turn
against his ruler. Calipers can be introduced at this
stage for measuring diameters.

With this much experience behind them <hildren will want to be more
precise with their measuring, and foct rulers with half and quarter inches
can be introduced. But fractions arc to be taught now only as a means of
appreciating rieanings of fractional parts, not as operations with numbers.

The unit continues with a lot more suggestions for practical work
ineasuring distances, shapes and heights, and making ordered pairs and tables
of feet and inches (1ike the one on yards and fee'). Throughout the
pages are found full-page repreductions of students' work on this topic.

The unit then proceeds tc treat the topic of weigi: in the same manner.

Where this unit appears within the year's iathematics curriculum, how
it is related to the students' work in computation and other math topics,
what materials are given to the students and what situations are posed,
whether some parts of the unit are teugh:c at one time and others later,
or whether they ave taugitt at all--these dare all decisions for the teacher.

4 ountl i M ithemad tew or schonle. hourit called "Measurement
Activities: Length" appears about one-third thirough the level I (ages five
through seven) Teacher's Resource Book. If covers portions of the same
content as was described in the Nuffield unit above, but the organization
of the material for the teacher is quite dififerent, starting with the manner
of stating objectives:

To enable children tu use arbitrary (nonstandard) units for

measuring the property of length. To enable children to
understand and use the me*re foir measuring length.
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A paragraph of mathematics background notes that there are three basic
ideas in measurement: "the choice of a unit, comparison, and counting.”

There {ollows a brief sketch of the history of measurewent from parts of
the human body. As in the Nuffield guide, the feacher is told that the
children's experience with many random units of measurement is an important
preliminary to their appreciation of the need for a standard unit.

Materials needed for the lessons are listed. General activities which
will refrash what the children learred in a unit called "Pre-Measurement"
are suggested. There is an optical illusion diagram which the teacher can
copy and present as a special activity to emphasize estimating, and a
suggestion that children will discover the idea of fractions as "bits" left
over in measuring.

After this general introduction, two separate lessons are explained;
first, "Purposa"; then “Preliminary Activities," "Teaching the Pages"
(meaning the exercises in the Children's Book), and "Follow-up Activities.”
Tne pages of exercises from the Children's Book are reproauced. The
firct lesson i5 about nonstandard units and gives children experience
with strides, reach, arm, foot, and handspan. Children 2re tc measure
these units using strips of paper, compare their strips with theiyr friends',
and record their findings. Feet are traced ard measured and compared, and
the foot measures are used to measure othar lengths, such as those of the
classroom and corridor.

When the teacher believes the chiidren understand these activities,
<he “teaches the pages." There are three pages ct exercises devoted to
this lesson in Children's Book 3. First: "Compare youv measurements
with those of your friends: wnose is longest?" Drawings illustrate reach,
stride, foot, and span. The suggested measuring device is string. The
children work in smalil groups and record their discoveries by writing
down the name of the person who “as the Tongest nieasurement. The second
cxercice directs: "Draw a picture of your foot. Ccmpare its length with
your friends' fect,' The last says: "Measure the class shop [store]
with pictures of ycur foot."

In te "Tallow-Up Activities" the children apply their knowledge to
now obiects. For exemnle, “M2y m2asure Lne widths and lengths of additional
ciass oo objects us ) Lracirs of their own sutstretched arms, legs, and
fingers. In e final wiscussion the teacher asks these questions:

dould vou use your span or vour reach to measure the
length of a clessroom wall?, . . your stride or your
arm to measure the length of the viayground? How
would you measure sround a football?

The second lesson “ntroduces the "metre stick” and compares 1t Jith the
children's body measurements. Finally chilaren use ‘the meter to measure
the classroam and playground and compaie this with their body measurements
as anpressed in meters.

90




The small unit of measurement--centimeter rather than inch--and
height and nonstraight lines are the subjects of a unit which appears
many weeks later in Level I. Activities on circumference and diameter

;imi]%r)to the Nuffield suggestions are delayed until Level II (ages
to 13).

3.3 Evaluation of Students

There are no written tests for either program. Nuffield guides
emphasize that students should keep journals and record their work in
pictures, graphs, and stories. . Do, wnd T Understang explaing the
importance of teachers' keeping a general record of the class and
individual records on each student's interests, projects, achievements,
attitudes, and difficulties. The Project is innovating an entirely new
system of making clinical observaticns of children doing active mathemat-
ical tasks, not for the purpose of measuring achievement but fer
diagnosing levels of understanding so that the teacher can design
individualized lessons. A series of check-up guides is being developed
and field tested in collaboration with psychologists from Piaget's
Geneva institute. The first of thesc. Checking Up I and Cheeking Up 2
go along with the beginning books in the three streams.

Tzachers of Mathematics for Schools evaluate student progress by
observing their participation in discussions and activities and by
checking their work in their exercise books.

3.4 Qut-of-Class Preparaticn.

In both preo.ams. teaching success depends on thorough preparation
and organization. The teacher must begin with the understanding that
active learning is for her, rot just for the students. Any math program
which attempl: to teach the real matiematics behind arithmetic memoriza-
tion and drill requires a teacher who understands the meanings behind
~ituals. Most elementary tecchers will have to come upon these meanings
in the same way children dn* by worr with concrete materials. Once this
content is mastered, thz work of preparing tne classroom and identifying
the learning characteristics of every student can pegin. The teacher
using the Nuffield vuides will neec to prepare activity cards, as has been
mentioined, in additicn to selecting what iessons to use and furnishing
tne classroom.

4.0 IMPLEMENTATIOM: REQUIREMENTS AND COSTS

4,1 School Faciiities and “rranacments. ‘;"

Botn the Nufficld Project and Mathematics for Schools are designed for
informal or open cleéssrooms in the style of the irnovative British primary
schocls. Open describes the use of ciassroom space as well as the
scheduling of classroom time. Instexd of fixed rows of desks there are
tables and workbenches that can be moved about, comfortahle chairs placed
in aquiet corners for reading, laboratory-styie aress for math and science,
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cupboards, blackboards, and portable screens serving as room dividers.
Students move around throughout this area, working in pairs or in small
groups. The classroom day is not divided into fixed segments; instead,
time is budgeted each day to activities that children and teacher judge
most interesting and productive. Suggestions and illustrations for
reayranging the classroom furniture and schedules gradually over a
period of weeks or months are given in I Do, and I Underatand, and in

tdith Biggs' and James Maclean's book on active mathematics, Freedom to
iearmn,

Both Nuffield and Mathematics for Schools materials are designed
for nongraded classes, in which students niove ahead from their individual
starting points and at their own paces, regardless of age. However,
Mathematics for Schools has been used successfully in traditionally
graded American schools. Both programs were developed to be used by
average teachers (with inservice training, to be sure) rather than math
specialists; the developers state that they prefer this use because
generalist teachers can more easily relate mathematics learning to
language, science, and art.

4.2 Student Prerequisites.

Children must be accustomed to working productively in an active,
open classroom. If they have not had such experience, this style must
be introduced gradually, perhaps one afternoon a vieek, or an hour a day.

4.3 Teacher Prerequisites.

Although both programs give teachers explanations of the mathematical
background for each unit, this is not likely to be suff1c1ent for the
average elementary school teacher who feels inudequate in math and
dislikes it to boot. In England most teachers starting out in either
Nuffield guides or Mathematics for Schools have access to inservice training
and to classroom assistance from the headteacher and the government mathe-
matics adviser. American teachers will need a good math background and/or
a viorkshop course in modern math and active learning. Sugh workshops have
been pioneered by the Madison Project of Syracuse University and Webster
follege. They may be conducted by school districts or offered by university
extension departments.

A second prerequisite is the teacher's belief that real-life experiences
are indeed the best way to learn, and her willingness to provide this kind
of learning by doing extra work. Nuffield should not be attempted gnless,
as Joseph Featherstone stated, "the teachers really believe that children
can learn a great dea] by themselves and that most often their own choices
reflect their needs."
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Organizational ability is a prerequisite trequently overlooked by
Americans trying to adapt the Englisn methods. Gathering togetner
materials, keeping them orderly (most children will not work their way
through messes of Jjunk), organizing separate lessons for different groups
of children, keeping track of individual students' progress--these are

management tasks which may be unfamiliar to both traditional and "free"
teachers in America.

A fourth prerequisite has to do with the relationship between teacher
and students. The "child centeredness" of English informal classrooms is
not the same as that of the American "progressive" school of the 30's and
40's. Featherstone stresses the importance of teachers in active learning
classrooms using their "natural legitimate authority" as aduits.

Actually, in a proper informal setting, as John Dewey
pointed out, adults ought to become more important:

", , . Basing education upon personal experience may
mean more multiplied and more intimate contacts betwean
the mature and the immature than ever existed in the
traditional schgols, and corigaquently more ruther than
cese gquidance,"
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4.5 Community Relations.

The need for interpreting the active-learning approach to parents is
recognized by the Nuffield developers. Your (hicd and Mathematics 1S
desigined to explain to English parents the reasons for the modern math
topics as well as for the .informal approach to learning. Many American
parents are interested in the British innovations and are ecager to see
then adapted in the United States. School people may need to interpret
to some of thesa parents the importance of gradual introduction of the
new methods to teachers and children, and that the active learning approach
may not be suitable for all teachers or all students. Other parents will
be most concerned with their children's mastery of traditional computa-
tional skills, and they will need to be persuaded that an active-learning
approach can accomplish this.

5.0 PROGRAH DEVELOPMENT AND EVALUATION

5.1 Proyram Development

The Nuf:ield Mathematics Project began in 1964 to build a comprehensive
math orogram that would combine modern math topics with the new ideas for
teaching that were gaining hold in England‘s primary schools. Active
learning or "laboratory mathematics" was elready being practiced in these
informal, nongraded, flexibly scheduled classrcoms, and the approach was
being spiead through teachers' seminars by Edith Biqgs, Harold Fletcher,
Leonard Sealey, and others. The Project was an effort to organize this
experience and make it available as topical guidebooks supported by
inservice training centers.

The Project is the ccmbined effort of the Muffield Foundation and
the Schools' Council. The latter is composed of repretentatives from
all the educational organizations in Great Britain--associations of
teackers, headteachers. college tcishers, and mathematics advisers from
the national ministry of education. The Project commissioned teams of
teachers, advisers, and professors to prepare the yuides under the
direction of Professor Geuffrey Matthews and a national consultative
comnittee of mathematicians. The Schools' Council set up teachers'
conters to give teacheis their own active-learning experiences in the new
math topics. The evaluation guides are prepared by & tcam from Piaget's
institute in Geneva, Switzerland.

The late Harold Fletcher, the mathematics adviser to Staffordshire
achnols, was a menber of the Nuffield writing team frum 1965 throujh
1967, when he began to work on a Nuffield-style comprehensive curriculum
for Addison-Wesley International, The assistant author of Mathematics
for Schools is Ruth Walker, headteacher of a school in which Fletcher
worked with teachers using the Nuffield approach and topics.
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5.2 Developers' Evaluations

The Nuffield guides were written in trial versions and tested in
more than 250 schools in 14 areas of England. They were revised on the
basis of these trials and then published. Research from the trials is
published by the Schools' Council in its Field Report Number 4.

Mathematics for Schools can be considered a still further revision
and adaptation of the Nuffield materials. It was tried out for two years
in England before publication. During the school year 1970-71 Addison-
Wesley's office in Menlo Park, California, gave the primary level mathematics
materials to 30 teachers throughout the United States. They taught the
program for a year in yrades one and two, and then were asked to fill cut
questionnaires on their impressions of the curriculum, students' progress,
difficulties in using the materials, and the like. Because of the small

sales volume, Addison-Wesley dces not expect to prepare an analysis of
the data.

5.3 Independent Analyses of the Programs

David Rappaport of Northeastern I11inois State College, Chicago, 1is
one of scores of Americans who have observed the English open schools with
an eye to translating their practices for American classrooms. His
evaluation of the Nuffield activities he observed, and of the mathematics
teaching in Ruth Walker's school under Fletcher's guidance, are published
in The Elementary Schocl Jourral issues of March 1971 and October 1970,
respectively. Among his comments cr the Nuffield guides are the following:

The guides are, witn few exceptions, superb. Every
American elementary school teacher would profit

by reading [them] and using them as source material.
The examples of children's work could very well he
the basis for overcoming teachers' fear of . . .
trying out laboratory techniques. . . . The guides do
explain the mathematics concepts in a developmental
manner. Teachers who sti}l lack an understarding

of the new mathematics . . . could find the Nuffield
guides ar _excellent method of learning and under-
standing [it}.9

Rappaport cautiuns, however, that the teacher must heve yood preparation and
understanding of how the guides work before usinc them. He observed both
good and bad teaching by teachers using the quides in England, and he
comments that the good teachers knew “when to capitalize on children's
discoveries to direct them to new efforts," while poor teachers "did not
understand the mathematics and were unablie to develop the next step by
themselves." 10
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Some English mathematics educators observe that English teachers,
lacking strong mastery of mathewmatics theory, overstress the environ-
mental applications for math and neglect th? purely structural
mathematics in Nuffield. Mathematics should not be presented to
children solely as a way to solve practical problems in the environment.

Math is artificial. Environmental maths is just as
unsatisfactory as textbook maths if the questions
you pose to children are the type which cause them
to ask, "Who wants to know?" The environment is
not necessarily intrinsically mathematical. We
must make the maths environment of students more
precise by structuring it so that it can be
explored and so that children ask questions about
mathematics, not just about its fringe benefits.

We vant them to be interested in mathematics itself,
not just what you can do with it I

Thare is also the problem that the teacher must work out a way to
develop the material in the guides into lessons that fit into the school's
basic mathematics curriculum, or to devise a new curriculum. Mathematics
for Schools is in itself evidence that in England there are educators
who doubt that the Nuffield guides can serve as framewor¥ for a complete
curriculum in math. In the United States, where princ‘pals and teachers
do not usually design their own courses of study, there are understandably
even more doubts. Questions arise on two grounds: first, that the Nuffield
guides are so subtly and permissively presented that only teachers who are
experienced in mathematics and in individualizing instruction can develop
a whole curriculum from them; and second, that Piagetian theory does not
provide adequate quidelines i1n math. On this second point Robert B. Davis,
director of the Madison Project in Mathematics, which has worked closely
with Nuffield, wrote in 1967:

How adequate are [Piiget's] "clearly-defined developmental
stages" in providing us with curriculum guidelines? The
answer seems to be that this method has areat promise

fer the future, uut that this promise has not been
realized as yet. . . .

It appears that Piaget has focused attention on a very
particular selection of tasks--such as his famous
"conservation" tasks in pouring water--and it is by no
means clear that these tasks, taken together, form an
adequate and appropriate set of "peas" on which we can
hang the mathematics curriculum, Many important aspects
of mathematics remain untouched, and in the case of
some others the anzlogies with Piaget's *asks may be
misleading ratiner than 11lurinating. 12
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For school people impressed by these English materials but looking
for definitive answers to questions 1ike those above, there is little
solid data to refer to. In his 1971 comparisons of informal teaching
in English and American schools Joseph Featherstone comments:

We could all proceed mors: wisely if we had better notions
of how to evaluate learring in informal settings, but we
don't. . . . If the British lack rigor [in evaluation],
we [Americans] lack many examples of good practice; far
too many of our schoo! systems have emphasized conven-
tional measurement ard ianored children's learning,
forgetting the principle that children and teachers do
not get any heavier for being weighed.

On measurable achievement in conventional tests, children
in formal British schools do slightly better than children
in informal schools, though uniformly the differences are
very slight. This is not surprising: formal schools
teach children to take tests. The surprising thing to me
is that test results are so similar. . . . There is no
evidence that reducing the amount of formal control over
students impairs conventional academic skills. On the
other hand, it is plainly impossible to make inflated
claims for 1?§orma1 teaching in terms of conventional
test scores.

Thus we need new kinds of tests in order. to assess active-learning
mathematics. But tests are "a side issu2 Featherstone says. “We
need different values too."'® It all goes vack to what long-range goals
comunities and parents set for their chitdren. Is it important that
in adulthood mathematics be more than a breadwinning skill, more than
a tool? Is it expected that mathematics be also an art, adding to
the student's enjoyment of his own mind and of his environment?

American experience of these two active-learning math curricula
from England is still very much in the concrete operations stage. We
need to learn by Juing them, not by reading the data.
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INDIVIDUALLY PRESCRIBED INSTRUCTION-MATHEMATICS (IPI MATH)




o

3EST COPY AVAILABLE

INTRODUCTION

Mrth peniod beging in a mized-age, intermediate-level class in a
modem. open-space echool. Ten-year-old Jchm goes to the math center and
finds qte IPI foider. FKe takee out :he short pretest for the unit called
"Level O, Jivieiun," which he tcox during yeeterday's math pertod. The
tes> has bean scored by the teacher's aide, and Johm now seee that he got
all the prcblems relating tc the first "skill" (leseon) correct, but he
made many mistakee on the questions testing his knowleldge of the other
chree "gkilla" in the unit. So John goea *v the aide and tells her he
nerds che Student Booklet for Level ¢, Divieton, Skill 2. Fe takes thie
hooklet to his teacher and tells ner he reecds a "prescriptict.” Whem
ane finighes nelping one of John's clasemaies, the ‘eacher conferences
with Johm, referring to his prevest, and then she ussigns three pages of
leg:song in the Situdent Sooxlet. Jonn returns to his scat and works by
himself in ihe booklel for the rest of the mats period. John's class-
macee are working in a eimilar manner.

Indivilually Preseribed Imstrucr onrMathematice is a reorganization
of the traditional elementary mathematics curriculum to "individualize"
each student's progress through the curriculum, thereby accommodating
many levels of student ability and achievement within the same classroom.
Textbooks are replaced by programmed booklets--one for each lesson. These
"self-teaching" booklets are the major source of instruction. The teacher
does .0t present lessons to the wkole class or even to small groups at
one time but rather assigns 2ach child's individual study program, monitors
progress, and provides individual tutoring when a student gets stuck.

The hallmark of the individualization movement, of which IPI is a
jeading example, is its reliancec on a carefully constructed sequence or
ncontinuum" of "skills"--from simple to difficult--building to mastery
of whatever subject is being studfed. Skills are called "behavioral
objectives" because the student will demonstrate a specified, ohservable
behavior or performance to prove mastery. Tests of mastery are included
with every unit, each test keyed precisely to the objectives being taught.
Children are not assigned to new work until they have passed the tests
for the prerequisite skills. Conversely, the student may skip a lesson
if his test shows he already knows the skill. By this method both quick
and slow students are thought to be able to proceed through the same
subject matter without hampering each others' progress.

IP1's distinction is its embellishment of programmed instruction--
providing the opportunity for “continuous progress" rather than slotting
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a student into a grade based on his age or accomplishment; and managing
instruction in schools with very diverse student populations. Like other
programmed curricula, IPI relies on behaviorist strategies of breaking
up a training episode into small, simple segments so that the student's
frequent experience of success can act as a spur, or "reinforcement,"”

for further learning. This strategy is thought to be especially appro-
priate for pupils who have had frequent experiences of school failure.




BASIC INFORMATION

ivogrem nme:  Individually Prescribed Instruction-Mathematics (IPI Matn)

“ormat: A sequence of 359 instructional objectives with a student skill
booklet for each.

Uniaqueresa: Completely self-paced instructional system of elementary
mathematics based on behaviorally specified math “"skills." Children's
work is assigned through "prescriptions” whicn the teacher writes for

eac?]child separately, based on frequent testing to assess mastery of
skills.

centent: A continuum of objectives grouped into ten learning areas:
Numeration/Place Value, Addition/Subtraction, Multiplication, Division,
Fractions, Money, Time, Systems of Measurement, Geometry, and Applica-
tions.

Sugeated use: Complete curriculum for grades 1 through 6.

Target audience: Students of all abilities, grades 1-6.

Longth of use: Daily math paried for six years.

Aids for teuchars: Set of training materials including three training
manuals, two student case studies on audio cassettes, and a filmstrip
with accompanying tape.

Date c¢f yublication: 1972.

Director/Developer: Robert Glaser/Learning Research and Development
Center (LRDC), University of Pittsburgh, 160 North Craig St.,

Pittsburgh, Pa. 15213, and Robert Scanlon/Research for Better
Schools, Inc. (RBS), 1700 Market St., Philadelphia, Pa. 19103.

Publisher: Appleton-Century-Crofts, 440 Park Ave. So., New York, N.Y.
10016.

104




1. GOALS AND RATIONALE

1.1 Goals

How can one teacher effectively teach 30 or more children, all with
different experiences, abilities, needs, cultural backgrounds, and rates
and styles of leariing? For years schools have addressed the problem
of differant learning speeds by "tracking" children intc fast, average,
and slow groups, within schools or within classrooms. However, tracking
presents the injustice of being a self-fulfilling prophecy Tor slow-
startig students and it frequently results in -z facto segregation of
minority group students. IPI developers attacked the psoblem by restruc-
turing che elementary classroom for "individualization." They designed
both an instructisna! program and a management system wkich permits each
child to work separateiy--as quickly or as slowly as he needs--within a
heterogeneous iy grouped ciassroom.

IP1 attempts to respond tc ¢nildren's differences in terms of their
learning rates only; the content and method of instruction are the same
for everyone, based on the theory of programmed instruction. Changing
the content of the mathematics which children learn, or loosening their
reliance on textbooks, are not joals of IPI developers. Nor do IPI
developers evidence concern for problem-solving behavior or for math
activities arising out of children's interests and natural environment.
The motivation for learning textbook arithmetic is expected to come
entirely from the student's expericnce of previous success--as measured
by frequent tests. Success on these tests is assumed to function as a
powerful reward, Developers aim to guarantee success by breaking the
curriculum into very small steps and insuring that no student ever has
to take a step that is wider than his stride.

This mastery of mathematics ir. small doses is an attempt to halt
the dismal history of failure for those children who have difficulty
learning arithmetic--vho fall further an~ further behind with each year
of school, and who steadily deenen .their conviction thai tney themselves
are failures. At the same time, IPI aims to loosen the brake which
slow-learning children place on average and high-achieving children.

The developers intend that their individualized program will enable
studencs of all achievement levels within the same classroom to experi-
ence success in math, liking for math, and respect for their own
abilities as students.

1.2 Rationale
Teachiny machines and programned textbooks, stemming from the work

of B. F. Skinner in the 1950's, had indicated that a student could pro-
gress with 1ittle or no outside help through a sequence of learning




experiences <f they were arranged ir order of gradually increasing dif-
ficulty and <” the student could progress at his own pace. According

to this theory the student would be continually rewarded by the warm
feeling of success, however small, and this would act as a powerful
enough motivation to encourage him to tackle even difficult (or boring)
work. Most important, he would not be discouraged by repeated failure.
IPI developers had evidence that low-achieving as well as high-achieviny
students could learn the same body of elementary mathematics so long as
it was presented in this way.

This programning theory rests on the traditional assumption that
there is one "body of knowledge" and that even young children can grasp
the logic of its division into separate subject matter areas--mathematics,
science, language, etc. Programming also depends on a new assumption
that learning technologists know how to break up a body of knowledge into
discrete component bits, and that they can arrange these pieces into
sequences of learning which are equally efficient for all learners. The
content of the training episode is seen as having less importance than
the method of transmitting it.

The combination of these theories results in the IP1 rationale that
all children, regardless of their aptitude, inclination, or past achieve-
ment, can master the same curriculum, using the same instructional method

and materials, provided simpiy that each student is allowed to progress
at his own rate of speed.

However, IPI expands the theory of pregrammed instruction. The use
of programmed texts had permitted individualization within a grade level.
Our schools have been organized into grade levels so that certain skills
and topics are supposed to be covered in the first grade, others in the
second grade, and so on. Thus even if programmed instruction allowed
students to progress at different rates through the same grade, they all
had to start at the same point at the beginning of the .:ext grade. IPI
developers therefore used systems theorv to expand programming. They
developed curriculum sequences that ignored grade level boundaries and
extended instruction through all the elementary school years. With such
"continuous progress" the grading or grouping of students loses importance.
There is no need for special promotion, retention, homogeneous ability
grouping, or other student sorting scnemes based on achievement.

In actually developing a total individualized curriculum, IPI applied
the principles of programmed instruction:

1. The objectives to be achieved were spelled out in terms of
desired student behaviors. (Given two common fractions less
than or equa! to 1, the student renames each fraction using
the least common denominator for the given pair and writes
> , £, or = between the given fractions to show their

relationship. LIMIT: CLiven fractions having denominators
£ 504

-—
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2. The objectives were sequenced into a hierarchy with each
behavior building on the one before it.

3. Instructional materials were developed so students could
learn with 1ittle or no outside help. The booklets do the
teaching. Learning is measurable because 1t is defined in
terms of each student being able to demonstrate a carefully
stated behavior under carefully stated conditions.

4. Methods of diagnosis were developed so that the point at
which the student enters the sequence will be most appro-
priate for him.

5. Each student works at his owr ‘ace.

6. Since objectives spell out what a student must do
("demonstrate a behavior") to indicate mastery, booklets
were written as self-contained lessons explaining the
required behavior and requiring him to practice it.

7. Students are to receive immediate feedback on all work
done by taking frequent criterion-referenced tests. These
were written and included as an integral part of the cur-
riculum, each test keyed to the specific behaviors just
studied. From the tests, teachers also are to receive
the constant feedback they need to make new assignments
for each individual student. Teacher training materials
were]wr1tten to teach the management system of the cur-
riculum,

8. Materials and procedures were modified on the basis of
feedback from users to improve effectiveness. )

2. CONTENT AND MATERIALS

2.1 Content Focus

IPI Math includes all those mathematical concepts which typically
form the program for first through sixth grades. The content is divided
into ten areas. Five of the areas deal directly with numbers and opera-
tions; two deal with measurement; another with money; one covers geometry;
the remaining area is appiications, which includes work on sets, functions,
graphs, and word problems which require more than one operation. The
major emphasis is on number and operatiors. Two-thirds of aill the objec-
tives fall in these five areas.




The ten areas and the number of objectives at each level are shown
in Table 1. There are no units in the areas that are blank. Six units
are divided into Part I and Part II, and are marked as such (e.g., A -
Numeration/Place Value).

AREA A B C D E F G
NUMERAT 10N/ :
PLACE VALUE N A L O L R
I -
ADDITION/
SUBTRACTION 17 ] w2 | 130 3 4 6
MULTIPLICATION 4 7 9 7 4 3
DIVISION 3 3 7 9 5 6
FRACTIONS 3 3 6 7 1 n 8 8
MONE Y ] 1 5 5
TIME 1 3 6 4 4 2
SYSTEMS OF
MEASUREMENT 3 6 6 5 5 6
GEOMETRY 3 2 4 6 4 2
APPLICATIONS 3 8 9 5 4 6
Table

2.2 Content and Organization of the Subdivisions

Tire ten content areas of IPI Math are developed at seven levels of
difficulty, A-G. Each "unit" contains one specific content area at a
defined level; for example, Multiplication-D. Each unit is composed of
a carefully delineated, hierarcihically arranged sequence of skills to be
ma~tered. These skills are stated as performance objectives.

A unit may contain from 1 to 17 skills. Each skill is presented
in a consumabla student hooklet designed to teach 1 instructional
objective. The back cover of the tooklet is tne “"skillsheet description
page," 1isting the objective and the contents of the booklet. The front
cover is the "prescription form," on which the teacher records the
spacific assignments made.

There are four kinds of pages in each student booklet:
1. Review pages (marked "r"). These review a skill pre-

viously taught which is essential to mastery of this
objective.




2. Teaching pages ("t"). These introduce new skills.

3. Summary paces ("s"). These include ali the behaviors
a student needs to master the sxill.

4. Curriculum Embedded Tests (CET). There are two in each
booklet. They are miniature posttests which measure
the mastery of the skill.

It is rare for a student to dc every sheet within a booklet. Rather,
he does only what is necessary for mastery of that single skill. When
he has mastered all the skills within a unit, this is recorded on his IPI
student profile. Since IPI is a carefully constructed continuum of skills,
with each unit building on what came previously, the learner proceeds in
the system in a set order, completing all work at one level before moving
on to more advanced levels of any one area. For instance, the sample
student profile form in Table 2 shows the sequence in which this student's
instruction will progress.

ARCA AB\C DIEIF|G
NUMERATION/ P
PLACE VALUE !
L v
ADDITION/ >
SUSTRACTION |
. L : 4N
{
MULTIPUCATION : ><
] | 5
— i , '
DIVISION {
| PN
i .
FEALTIONS I 2
S 20>
MO:LEY I |
Tinme ‘ ' ]
. wi— 'Q.\-'. , ]
OSUNCOF i
MEARUFENLET ' : ' q
! .g - >
CLOMEIRY H !
_J L A \] 19
' ! | ™
APPLUICATIONS 1 ;
) | e i 7]
KEY .
~e S e | he student works In
yd JudeTed: overy unshaded unit.
W Phced '

oy Phacsreat Mait ry
- g - - .

LT e PLACLMENT TEST —D




2.3 Materials Provided

The student materials consist of 359 scudent booklets, 1 for eacn
instructional objective in the system. There must be enough booklets for
each chiid to have a fresh book for each new skill. In addition, there
are placement tests, pretests, and posttests, all consumable, and 27
optional audio cassettes for lessons in Levels A and B,

The student tooklet is the primary instructional tool. If the
learner has difficulty in mastering a skill from this, the teacher must
supplement his instruction so that he can achieve mastery before going
on to the next bookiet in the sequence.

There are also materials designed to train teachers in the procedures
of IP] Mathematics and in techniques for individualizing learning. They
consist.of a filmsirip, "Individualized Instruction and IPI," with an
iccompanying cassette tape, a second audio cassette, "Identifying Instruc-
tional Objectives," which presents two student case studies, and two
training manuals, Volume 1, Diagrosing and Frescribing for Individualized
eavruction, and Volume 2, Managing ndividualized Inetruction.

2.4 Materials Not Provided

The developers say that supplementary textbooks or workbooks, teacher-
made skillsheets, audiovisual materiuls, and manipulative materials may
be needed. They should be keyed to the specific instructional objectives
in the IPI continuum. None of these is provided.

-3, CLASSROOM ACTION

3.1 Teaching-Learning Strategy

IPI is a generalized treatment--that is, anyone ought Lo be able to
follow the same basic procedures for preventing or curing individual.
learning failures. Since it is based on the theory that the most common
reason for failure is that the student is told to learn new things before
ne knows how to do the old things--tc divide before he can multiply--the
first strategy is to find out on a continuing basis what the student now
knows and doesn't know. This is called diagnosic and is done by tests
provided as an integral part of the IPI program. The second strategy 1s
to assign work which will produce the skills whirh were diagnosed as
missing. This is called prescription and is accomplished by the teacher
matching the pupil's test results to the IPI continuum of learning objec-
tives. The third strategy is the imstruction itself., For the most part
this is to be accomplished by the student booklets--1ike a textbook which
has been divided into separate booklets for each skill. Within one class-
room every student can be doing a different lesson. Tne teacher adds
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instruction which she herself devises if the student booklet fails to pro-
duce mastery, as measured hy the posttests in the booklet. When both the
student and his teacher berome famil:ar with tn2 IPI system, the student
is supposed to be able to wove throuah the continuum at his own pace.

Six major steps are used by the teacher in planning each student's
learning sequence and guiding hiin through it.

1. The teacher must learn how tc olace students in the IPI
continuum of skills, The TPl placement test is the first
step. It is a general test, given at the beginning of the
school year, which places a student in the wniz and izvel
at which he will hegin work. There is a piacemeni test
for all but the first level (Level A). Although teacher
judgment is important in deciding which placement test to
administer, a general range is indicated:

Grade ____Level
| B-when ready
¢ B, C
3 B, C, D
4 ¢, D, E
5 D, E, F
6 D, £, F

The developers ackrowledge that the system may be dif-
ficult for primary children. Reading is a prerequisite
for using the student booklets und taking tests. C(assette
tapes are available at Levels A & B for children who
can't read. The system must be understood before a child
can proceed independently. The teacher's manual suggests
that the teacher assiqn student booklets at the A level
and guide a pupil's work in them, using them as a model

to teach how the system operates. In addition, vocabulary
work is necessary. Students should be given placement
test B as they complete the A booklets or cassette tapes.

2. After placement, in a specific unit and level, an 1PI
pretest s given ¢ measure the scudent's proficiency
in each skiil in that level.

3. Next, the prescription of the student's learning program
within the level is made. The tecaches uses the pretest
results to assign spacific work in the student booklete-
vhatever ykills the test shows t» be lacking. In addition,
a learning setting is defined so that a student is told
whether to wort in inijupendent study, with a peer tutor,
or in a swall arsup.




4. Now the prescribed program must be impleriented. Usually, a
student begins work independently, freeing the teacher for
tutoring and evaluating other students' progress. The
student booklets comprise the major instructional method.
Although teacier guidance may be necessary during a pupil's
introduction to the program, students are to learn primarily
from reading instructions and answering questions on the
prescribed pages in the booklet. Most of the time students
are expected to work independently in their booklets.

5. The teacher evaluates student progress on an ongoing
basis, using tie feedback from the student's daily work
to write further prescriptions in the unit.

6. The final step is measuring the student's mastery of the

A unit objective. When all tne lessons prescribed in a unit
have been completed as indicated (including successful com-
pletion of the Curriculum Embedded Tests contained in each
student booklet), the appropriate unit posttest is giver to
find ou$ whether the learner is ready to move on to the
next unit.

.Once they have learned the system, primary children are expected to
work in the student booklets in the same way as older children. 1n fact,
for all students, regardless of age, student booklet instruction is flexi-
ble only as to the pace at which they work. Booklets do not provide
different activities for individual learning styles at any level.

If paper-and-pencil exercises in the booklets do not produce mastery
of an objective, then other instructional materials are recommended. None
are provided by the system. The additional materials may be other texts
or workbooks, teacher-made exercise sheets, and audiovisual materials.
Manipulative devices are also suggested for each level. They are listed
on the front of the student booklet with which they are to be used. A
caution is stated with respect to manipulatives: ‘"Remember, manipulative
aids are 0. 1y helpful if students know how to use them. Students who
don't understand their purpose will treat them as toys!"

Free-time activities should also be available for students who are
waiting for scoring or for new prescriptions. Activities are to be created
by the teacher to supplement or reinforce skills learned in the student
booklets. Suggested free-time activities include puzzles, games, open-
ended material. Another caution is made: "In selecting free-time activi-
ties it is wise to consider hoth the noise level and the amount of move-
ment involved."

3.2 Typical Lesson

It is math period for a cliss of 30 fifth graders. At the beginning
of tne math time, two students pass out the IPI Math folders to each student
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in the class. Before work begins, the teacher introduces to the entire
class a new fraction math game she has set out for free-time activity.
- After that, the students open their folders and gel to work.

Five students are ready for pretests in new units, Two are working
in units at Level D, two at Level F, and one at Level F. Following the
written test instructions, the student working in Level D-Multiplication-
Pretest begins completing single digit multiplicaticn problens; when
these are complete, he moves to six wovd prctlems. The next section
asks him to complete multiplication sentences and to develop a new
sentence for each part of an array. The final problems increase in
difficulty; the student multiplies a single digit and a three-place
numeral and finds the product when three numerals are multipliea. Two
other students have prescriptions which call for posttiests, one for
Division-Level £, the other in Geomctry-Level D. These seven go off
to the school materials center to get what they need and then return
to class and begin work.

Eight students find in their folders new prescriptions assigning
more work in the baoklets in which they were working yesterday. They
begin work independently. Three other students return to work on material
they had started in the last math period. They are working in different
booklets and none is having difficulty. Yhen they are dore, they will
score them if they know hcw or they will go to the aide to have them
scored.

peer tutoring is indicated on the prescriptions for two pairs of
students. A small group of four, all werking cn E-Geometry-4, is going
to watch a film loop on triangles in the library. When tney return to
class, they will work on a teacher-made skillsheet. The remaining students
are working with the teachar in measurement, after which they continue work
separately in their student booklets for G-Systems of Measurement-4.
One student has just cimpleted the following page.




ERIC

Aruitoxt provided by Eic:

- —

CET It

S G oA o vt . cBeds + S D . SotudiaiBed. W it b .y

Finmdhive ntisotescati, t oL gale e

-
s

" N t

=

S

- A b - Beae @ Mt wm e

- ommtme a8 . . -
’ . .
o 1
- - - - e semeera. o
o
r. . .o -
- -

oY e R Y i tdnd

114

- e MRS mape o e

- - be




When the teacher has finished the measurement work with the small group,
she answers gquestions of students who need help and writes new prescrip-
tions for those who have out up small flags on their desks to show they
are ready. Two students wno were stuck had gone to play tne new fraction
game while waiting for the teacher to be free.

At the end of the period, students hand in their folders, putting them
in one of three boxes. One box is for folders of students who need the
teacher to givo them new prescriptions for the next day; one is for those
still working on their prescription; one for those who have completed work
on tests or in booklets that need scoring.

3.3 Evaluation of Students

Ongoing evaluation of students' learning is an essential component of
IPI. In addition to the placement tests and pretests, which determine the
student's prescription, IPI provides Curriculum -Embedded Tests (CET) to
keep track of the student's progress as he works in one skill. - There are
two CET's in each student booklet, and they are prescribed when the teacher
decides that a student can probably master a skill. The posttest is used
to measure all the skills in one unit. It is similar to the pretest, but
not identical.

3.4 Out-of-Class Preparation

Teacher. In daily planning, the teacher is primarily concerned with
management ratiier than preparing lectures, demonstrations, or designing
activities for students. If she has organized the use of time, materials,
supervision, and space hefore class begins, the teacher can give a lot of
instructional assistance to individual students. In order to do this, the
teacher needs to write all needed prescriptions before ciass, prepare all
supplementary materials and organize all supplementary texts and needed

_manipulative aids so that they are accessible to students. She must also

plan students' activities--who will be working independently, who with

peer tutors, who in teacher-directed aciivities--and organize the space,

if needed, to accommodate the activities. In addition, the teacher attends
planning sessions scheduled by the administrator at least once a week .

Student. There is no student homework in IPI.

3.5 Role of Qther Classroom Personnel

Teacher aides are essential to the functioning of IPI. During class
they are expected *o score and record the skillsheets and tests that are
not scored or recorded by tre students themselves; help students read pre-
scripticns or skillsheet instructions; as<ist students in obtaining materi-
als; help with classroom menagement if the teacher requests. Outside of
class, aides keep student {iles current; prepare any materials needed by
the faculty for planning sessicns, organize, inventory, and order IPI
instructional materials. Aides do not tutor or teach students. A guide,
Aiding IPI tiathemetics - A Manmwa. 7.r [wacher fides in I¥I Macnematics,
clearly defines an aide's responsfbiiities.
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4. IMPLEMENTATION: REQUIREMENTS AND COSTS

4.1 School Facilities and Arrangements

IPI can be used in any school settiny (self-contained classrooms,
open-pod schools, etc.) and student grouping arrangement (graded or non-
graded classroom). Some place is needed for storage of IPI materials,
but whether this be in the individual classroom or in a central place
for use by all classes is a school decision.

4.2 Student Prerequisites

Reading ability is a prerequisite for a student to use IPI, except
where audio cassettes are provided at Levels A and B.

4.3 Teacher Prerequisites

IP1 teachers do not need special mathematics background. However,
they must receive training in the use of the program. This training is
left to individual school administrators. IPI has produced two training
manuals, a filmstrip with an accompanying audiotape, and two case studies
on cassettes for teacher inservice.

The film strip and tape introduce teachers to IPl's view of individual-
ization and workings of the IPl system. The manuals, aside from presenting
detailed information on how to use IFI Math, attempt to trouble-shoot prob-
lems that may occur.

4.4 Background_and Training of Qther Classroom Personnel

Teacher aides. Training for teacher aides is essential. The responsi-
bility for tnis lies with the scihool administrator; a training manual is
availabie.

Administrators. Training of the school principal is required when iPI
is introduced. The publisher pays for a three-day training session provided
at various sites throughout the united States, but principals must provide
for their own transportation and accommodations. The number of administra-
tors eligible for traininy from one school or district depends on the
number of students using IPI Math, as follows:

Enroliment Trainees
150-400 ]
401-800 2
801-1200 3
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4.6 Demonstration Sites

The following are schools where IP1 training for administrators is
conducted.

California: Mariners Elementary School
2100 Mariners Drive
Newport Beach, Ca.
Earl Bjelland, Principal
phone: (714) 646-4835

Florida: Oakland Terrace Elementary
2010 West 12th Street
Panama City, Fla.
Paul Boswell, Principal
phone: (904) 763-2252

Georgia: Lake Park Elementary School
Lake Park .
Valdosta, Ga.
Charles Bethea, Principal
phone: (912) 559-5153

New Hampshire: Paul A. Smith Elementary School
Lawndale Road
Franklin, N.H.
Robert Ross, Principal
phone: (603) 934-4144

New Jersey: Allenwood Elementary School
Allenwood Road
Allenwood, N.J.
John Gasparini, Principal
phone: (201) 223-9858

Texas: Lincoln Elementary School
1319 £, Lovett
Edinburg, Tex.
Andrew Lopez, Principal
phone: (512) 383-4994

Washington: ididland Elementary School
2300 105th Street, East
Tacoma, Wash.
I. B. Eliason, Principal
phone: (206) LE7-0211, Ext. 297
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5. PROGRAM DELVELOPMENT AND EVALUATION

5.1 Program Development

During the school year 19563-64, the Learning Research and Development
Center (LRDC), at the University of Pittsburgh, and the Baldwin-Whitenhall
Public Schools of suburbar Pitisuurgh initiated ar~ experiment to investi-
gate the feasibility of converting an entire K-6 school to a system of
individualized instruction. The passage of Title IV of the Cooperative
Research Act provided the funding needed for beginning this cooperative
project at the Oakleaf School. LRDC served as the major initiator of IPI
Math products, installing them in Oakleaf during the 1965-66 school year.
Appleton-Century-Crofts Publishers secured a copyright on the early ver-
sion of the IPI Matnh materials as they were being tried out in the Oakleaf
School, and also contributed expertise to the later production of materials.

In 1966, Research for Eetter Schools was founded as the regional educa-
tional laboratory for Eastern Pennsyivania, Delaware, and New Jersey. One
of its initial efforts was to take LPI Math from its beginning stages in
Nakleaf School to its instal” :tion in more than 300 scnools around the
country.

In the 1966-67 schoo! year, IPI itath was instituted in five demonstra-
tion and development schools. Staff from these schools were trained in
the summer of 1966, and during the schuol year several thousand visitors
saw IPI being used in these five schools. RBS staff visited teachers in
the demonstiration schools at least once a week for feedback on changes
required in the materials. Information was gathered from student perfor-
mance on IPI tests, classroom observations of procedures and attitudes,
parent, student, and teacher interviews, time needed for students to move
through the program, and standardized tests.

During the summer of 1967, several activities were undertaken by RBS,
LROC, and Appleton-Century-Crofts. The materials for use in the 1567-68
school year were being jrhiiched hy ACC. These represented the first
major revision of the IPI materials. They reflected many revisions in
sequencing of skill objectives and in format, which had been made by staff
members of LRDC and RBS, along with teacher: in the 5 demonstration
schools. Also RBS began a pilot test of the materials in 15 other schools.

Materials were continually revised according to feedback received
from operation of the program in the pilot schools. (hanges were always
tried out first in the 5 demonstration schools, where almost continuous
contact with RES staff was maintained. When changes were effective, they
ware sent out to the 15 pilot schools, wnere less frequent contact was
mafntained. Changes in the materials continued until the final comnmercial-
jzation of IPI Math in September of 1972.




A new version of IPI, Individualized Mathematics, incorporates and
stresses the use of manipulative materials, including Dienes blocks and
number lines, at all levels. Because addition of manipulatives increases
the cosi of the program, developers plan to prescribe somc manipulatives
and make others optional. While inclusion of manipulatives is the major
difference between IPI and Individualized Mathematics, developers have
also attempted to break the tight sequencing of IPT hy providing alterna-
tive sequences of units. Although teacher training materials havc not
yet been developed, a representative from Research for Better Schools
says that teacher materials will be based on a teaching mode similar to
that used in the programmed student booklets. DOuring 1973, materials
were field tested in several first and seconud grades; because additional
funding was not receiyed, further development and field testing has been
“discontinued at RBS. A representative from Learning Research and Devclop-
ment Center notes that a publisher is interested in distributing the pro-
aram, but no firm plans for commercial dissaminution have yet been made.

5.2 Developer's Evaluation

The IPI evaluati.n program has been gzaied to assessing the objec-
tives, operation, and degree of impiementation of IPI in the demdnstra-
tion and pilot schools. In the early stages of IPI, evaluators were also
functioning as developers and dissciminators of the program. Their role
in refining the curriculum and management system was difficult to isolate
from their role in developing it. RBS published the second progress
report on IPI in March of 1971. This contains references to more than
30 studies conducted from 1966 to 1971 by LRDC, RBS, and participating
school personnel, whose goal was the improvement of IPI Mathematics.

Severa] sources were used to gather information. The first was data
from student performance on all IPI tests--ulacemeni tests, pretests,
posttests, and Curriculum Embedded Tests. Data on students' rates of
learning was collected by recording the time required for students to pro-
gress from point to point in the sequenced continuum. Classroom observa-
Lion was used to examine teacher, pupil, and teacher aide implementation
of desired procedures. Conventional instruments were also used, such as
student attitude inventories, parent interviews, pupil interviews, teacher
ratings. In addition, results of standardizel achievement tests were
sometimes used.

5.3 Evaluation Results

Since one feature of IPI is that it is being :ontinuously modified
on the basis of student performance data, it is not intended to becume a
fixed program which can be given a final assessment. Therefore, any
avaluation is seen by IP1 as a description of what results have been pro-
duced at a particular stage of the program. Changes in the system have
resulted in a general increase over time in studeut performance on IPI
objectives. This is seen as an indication of IPI effectiveness.
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Reporting results of student performance on standardized tests is
seen as merely describing how IPI students working in a particular type
of school in a particular type of community do on whichever tests are
typically given in that school. They are not seen as an evaluation of
IP] effectiveness because standardized tests do not measure student
mastery as defined by the instructional objectives of IPT Math. RBS
reported more than 25 studies which compared standardized test results
of IPI studants with non-IPI students in the same schools. There 15 no
consistent pattern of IPI or non-IPI students performing better on the
skills measured by standardized tests.

RBS did report that their findings in the affective area indicated
that IPI siudents have a positive attitude toward school and learning,
and demonstrate a change in social behavior. Also, parent reactions were
reported to be positive.

{n an overall sense, IPI is able to claim that by using the system,
students will achieve nastery of the instructional objectives as defined
by the system.

5.4 Independent Analyses of tnhe Program

Because of IPI's school-wide scope, its renown, and its reliance on
programming and systems theory, IPI hes beein the subject of intense
interest and many independent studies and commentaries. Those studies
that involved comparisons on standurdized tests in general indicated no
significant differences between IPI and non-IPI students. Findings in
the affective area varied, with some reporting IPI students' self-concepts
seem higher (e.g., Sandvick - An Evaluation of IPI (Math] Procedures,
Carmen School, 1968-70, Waukegan School District 61, Il1linois), and
others reporting the contrary (e.g., Ms. Karin R. Hyers - The Self Concept
of Students in Individually Prescribed Instruction, Center for Innovation
in Teaching the Handicapped, Indiana University, April, 1972.)

Most prominent have been analyses which express concern over the
erfects of the IPI system. One argument has been that the interpreta-
tion of individualization by IPT has concentrated on individualizing
the pace at which students move through the system while little
attention has been given to children's varying learning atyles.

Rodney T11lman, Dean of the 3School of Education at George Washington
University, opposes the TPI program for being based on a "what they should
be taught" approach, rather than on a child-centered approach based on
"observation of how children learn.”

The actual name of the program leaves me with concern.
Usually we associate prescriptions with sickness, and
while it may be iielpiul to "prescribe" for those unable
to function in a normal manner the prescription approach
for a1l children leaves much to be desired.l




A challenge of IPI's assumptions and performance arises from
a University of 111inois study in which fifth- and sixth-grade Urbana
students, who had used the IPl program since first grade, were given in-
depth clinical interviews in tne style of Piaget to assess their under-
standing of basic arithmetic concepts. Stanley Erlwanger concluded that
these students, who are successful according to IPI criteria, reveal a
basic misunderstanding of arithmetic.

The insistence in IPl that the objectives in mathematics
be defined in precise behavioral terms has produced a
narrowly prescribed mathematics program with a corresponding
testing program that rewards correct answers only, regard-
less of how they were obtained, thus allowing undesirable
concepts to develop. . . Througn an over-relience by the
teacher and pupil on the adequacy of IPI, and through the
highly independent study by the pupil, the teacher is
prevented by her verception of her role from understanding
how the pupil learns and what he thinks. The rigidity of
the IPI structure and its programmed mode of instruction
discourages the use of enrichment material, and tends to
develop in the pupil an inflcxible rule-oriented attitude
toward mathematics, in which rules that conflict with
intuition are considered "magical” and the quest for
answers "a will goose chase."2

Eugene D. Nichols, Director of the Department of Mathematics Educa-
tion at Florida State University, comments on the problem-solving goal
of education in relation to individualized systems.

There are iwo essential ingredients in the educational
process which are necessary for teaching individuals to
face novel problem situations: (1) the face-to-face
discovery process--a back-and-forth encounter between

a mature mind and a developing mind, and (2) a "room

for disagreement and questioning” attitude nn the nart
of the learner. No individual cystem in existence today
has these features built into it. Furthermore it cannot,
because a mind-to-mind confrontation leads to the_unex-
pected, and that cannot be mappcd out in advance.3

Alvin Hertzberg and Ed.sard Stone, elementary school principals who
are proporents of the open education methods practiced in British primary
schools, analyzed the IPI approach in Schools Are for Children in 1971:

Just as the textbook sequence will not fit each child,
the programmed sequence will not fit each child. At
its worst, this mode af instruction pays little atten-
tion to principles of child development; at its best,
it directs its enargies to the realization of an
achievement goal without taking into account many other
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vital interests and attitudes of the ciild, and without
proper concern for the many individvalized ways of
learning.

Underlying the concept of a fixed scope and sequence in
curriculum are assumptions that all children must be
exposed to a set body cf knowledge, that there is a
basic amount of information to cover, thet ihere are
requived skills which inust be taught i a certain
order, and that all children shoulc iearn the same
things in the same way, and often in the same amount

of tise. But ere these assumptions valid.4

-

It is important to note that developers have initiated a new
version of IPI.- In this version, Individualized Mathematics, they
have attempted to break tha tignt structure of IPI by nroviding alterna-
tive sequences of units. The new program also incorporates the use of
manipulatives.

5.5 Project Funding

The following information was obtained from a January, 1972 report
done by the Amarican Institutes for Researcl in the Behavioral Sciences
under contract to the Oftice of Education.

Funds for the developsent of IPI Math have come from four basic
sources:

1. U.S, Office of Education, througn funding to the
Univerzity of Fittsburgn Learning Research and Development
Center, and thraugh funding to ine regional lahorzlory
for Fernsylvanis, ceiaware, and New versey, Research
for Be:iter Schouls, Inc.

2. The University of Pitisburgh, with additiona) grant.
and contract support from tie Andrew . Mellon
Educational and “haritable Trust, the Carnegie
Corporation of les furk, Lhe Ford Fourdation, and
the Office of Maval Resea: <.

3. Funds from tne daidwin-Whitehall School District.

4. Considerable develoumental monies provided by the
Applaton-Century-Crofts Publishing Company.

5.6 Project Staff

Tne Learning Research and Development Center of the University pf
Pittsburgh (LRDC? and Research Sor Better Schools, Inc. in Philadelphia
(RBS) have cooperated in the development and progress of [Pl since




June 1966. Robart Glaser of LRDC was the major source of tne develop-
mental concepts of IPI. Other key personnel at LRDC include: dJohn
Bolvin, Director of the IPI Project, C. L. Linvall, Associate
Director, William W. Cooley, Co-director, and Glen Heathers, Lauren

Resnick, Richard C. Cox, Joseph I. Lipson, John L. Yeager, and Richard
L. Ferguson.

At KBS, major responsibility for IPI has been held by James W. Becker
and Robert C. Scanlon, Executive Director and Program Director, respec-
tively. Both of these men received their initial contact with IPI while
employed by pubiic schools in the Pittsburgh area,

Also, personnel of the Baldwin-Whitehall School District of suburban

PiLtsburgh cooperated in the development of IPI, including W. R. Paynter,
Superintendent.
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at differe . stugas <o Lhe sysiem, Lus sepking through simdlae cyeles.
e tuee L wetarn 1S an outgrowth of the curviculum
developments of the 166C's which produced Indiviiually Preseribed
Tnstructisn, 1M s o conpwiete progran reorganizing the traditional
elementary mathmmacics currizulum into a sequence of 393 behavioral
objectives and providing iastructiornal materials and tests so that
students can nroqress theough the system at their own rate--not affected
by their grade Teval 7 by tne progress of otner students. But IMS has
several featuras wiich divtinguish it from 1PI. its predecessor. There
fs a variety of iazgructicaal materiais fncluging paper-and-pencil
exercises hut a'se aclivin: Tescons using manipulative materials. The
lessons are not in nowseat’z heoklats but on approximately four thou-
sand large, illustratez.i, ‘sminated worksheets, which are reusable by
other students. !4aiciia’s wore not designed to be "teacher-proof";

the developers stressad ~hat the teacher was to be not orly the manager
of the children‘s .. . throunh {ne system but also the provider for

each child's “ndividua? =7 of ifearning.

OV S ,'...“;
Irdiosdnet Juo.

Developed by cdiuetional Lechnologists at the regional educational
research laboratory i4 Uarnhow, Horth Carolina, and field tested in
Carolinas and Virginia clessrooms, IMS is a complicated, comprehensive
mathemat s neoygrat . SR ournseeibes 2 precise instructional segquence to
be followed, but also attemuts to inject more teacher-pupil and pupil-
pupil interaction intu the oo ograwmed curriculum,
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BASIC INFORMATIO:

Program name: Individualized Yathematics System (IMS)

Format: Series of 3,994 instructional activities organized into 11 con-
tent strands. Each strand is divided into 9 levels of difficulty.

Uniqueness: Individualized instructional system. Plastic laminated work-
sheets used at Levels II-IX. (First-level lessons are in 11 consumable

?ooklets.) Use of teacher-supplied manipulative materials with some
essons.

content: Concepts and operations of mathematics organized into strands
of numeration, addition, subtraction, multiplication, division,
fractions, applications, .ioney, time, measurement, and geometry.

Suggested use: Complete curriculum for grades 1 through 6.

Target audiencs: Students of all abilities, grades 1-6.

Lengtn of use: vJaily use, 30 to 45 minutes, for six years.

Aids for teachers: Systems Management Guide. Inservice training course.

Date of publication: 1973.

Director/Developer: The late Frank Emmerling was the principal developer.
After May, 1970, development was completed under the direction of
James W. Knight at the Center for Individualized Instructional Systems,
a division of the National Laboratory for Higher Education, Mutual
Plaza, Durham, N.C. 27701. (919) 688-8057.

Publisher: Ginn and Company, Division of Xerox Educational Services,
1901 Spring Street, Lexington, Mass. 02173.
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1. GOALS AHD RATIOHALE BEsT COPY AVAILABLE

1.1 foals

[MS comes out of the “bresk the lockstep" movement for individual-
ized instruction, which sought to give the feelings of success to bath
slow and quick learners in the same classroom by differentiating the
pace at whicn they learned buit not the quaiity of what they learned.
fuilolidwidl Ly Peesorliel fnoime rlone-T1--(5e€ page 101) is the
11.ed1ate forerunner of IMS.

Believing that low achievers are nald back by feelings of failure
as much as by low ability, the pioneers in individualization suught to
design instructional programs which would give these students experi-
ances of success and wauld prove to their teachers that so-called slow
students could master the same content as average and bright students.
tach student was Lo be freed not only from his fellow students but also
from dependence on tne teacher. He was to work through the curriculum
at his own spead. doing a naw lesson only when a short test proved he
had riastered tne pirerejuisite materieal. It was expected that if the
studaent gained his experiencn of success by comparison with his past
work, not by comparison witih his fellow students, he would greatly
increase his incidence of success and his mot*vation to continue
learning.

The firct individualizers took for granted that there is a single
pody of mathematics which all children should master, and that the cur-
riculum writers understood the mental processes of mathematics well
enougn to be able to specify a “hierarchy of competencies" which all
learners should pass through--each at his own speed. IMS developers
" shared these beliefs,  However, IMS developers judged that IPI lessons
didn't provide students 2nough variety in style of learning, so they
sought to add more choices as to wow skills could be learned. They
did not leave open to teachers or students the choice of what was to
be learnea o “i2r; all students were expected to master the same
content in the ‘same order.

Early experiments with individuaiization showed tnat a class pur-
suing many indiviauel leerninu paths could become a wilderness in which
a4cn solitary lzarner trudged on within sight and earshet of companions
but isolated by hi= sirgular task. Tnus andther major goal of IMS was
to bring the student into <losar touch with the teacher, who could act
as a tutor, and tn helo Ltha teacher bring individual students' paths
together from tine to time by means of group instruction and partner
or -mail-group projecic.
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IMS developers set out to improve the model established by IPI in
the following ways:

1. To reduce the verbal content of students' lesson materials,

2. to make tne printed materials attractive to cnhildren and
relevant to their everyday experiences,

3. to include a variety of instructional styles offering
different avenues to learning,

4. to give teachers a more creative role,

5. to develop efficient installation plans and classroom
management techriques, and

6. to lower cosls substantially.

Using IMS, students are to (a) master the learning objectives in
the sequenced continuum, (b) proceed through the system at a self-paced
rate, ?c) becore responsible for their own learning and achieve an
enhanced self-concept. The mathematics to be learned is similar to that
presented in traditional mata programs--mainly number concepts.

1.2 Rationale

The thinking which produced IMS is a combination of recent ideas
about the way peopie learn coming from two divergent directions--
behaviorist and developmental learning theory. First of all IMS is
based on the precepts of behavioral psychology and systems theory.
Educators and learning psychologists committed to these ideas believe
that any teaching task can be accomplished by breaking subject matter
down, ordering it into a sequence of comporent bits. and administering
each bit to each child saparateiy. This way the student digests only
one bit at a time--and in his own good time--and receives a reward
(success) witn alnost every bite. This procedure is expected to
guarantee that the student never encounters a learning task that his
mind is unprepared for and alsc that tihe student forms a habit of
success and a selt-image as a learner. Systems technology, derived
firom very large and coiplex engireering and manageient enterprises, is
applied to educatinn a: & vay of teeping the separate learning bits
firmly attached to a wnole six-year curriculum, as weli as enabling one
teacher to keey traci of the separate learning paths of a classroom of
students all working on different lessons. The expected pay-off for
this whole prccedura js that the slow student should be able to master
the same knawledge as the bright one, not a watered-down version.
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Although IMS is basically an application of behaviorist programming
and systems theory to elementary mathematics, it also reflects recogni-
tion of some limitatinns in IPI (IMS' forerunner) and a consequent attempt
to compensate for thom. IMS developers believed that children need to
like math for its own sake, not just for the reward when they are success-
ful. One key to enjoyment of learning was thought to be variety in wuys
tc learn--more than paper-and-pencil exercises in a workbook. Althcugh
thav believed that each child should work at his cwn pace, IMS developers
did not believe the student should work by himself all the tima. Most
important, they believed young children need to understand math concepts . -
through impractical experiences with concrete objacts before they are able
to work with abstract symbols like numbers and letters. In tliese respects
IMS developers were intluenced not only Ly their own and teachers' obser-
vations of children's work with IPI but also by the learning theorias of
developinentalists Jean Piaget and Zoltan Dienes, which began to influence
Anerican educators during the vears following the first enthusiasm for
programmed learning.

’

Piaget theorized that the child's most .;fieiznt (not just enjoyavle)
path to abstract logica! thinking is his gradually developing under-
standing of his interactions with objects, happenings, and people in his
inmediately surrounding enviromment. Dienes designed material. that seam
like toys but embody math concents and thus can be used by teachers tu
stimulate the growth of conceptual foundations for later work with
abstract numbers.

IMS develcpers added such experiences and materials to the lessons
in their continuum. However, it is important to recouynize that IMS uses
materials to illustrate, activate, and make mora interesting lessons
already prescribed, whereas other interpreters of Piaget consider that
there is no one continuum of behavioral objectives appropriate for all
¢nildren, and that prescribed schemes of objectives do not adequately

allow for the variety, complezity, and sophistication of children's
thinking.

2. CONTENT AND MATERIALS

2.1 Content Focus

IMS presents o matnematics curriculum for grades 1 through 6
which is comparable in content to modern textbook series. IMS arranges
the content into 11 topics, called "strands,” 7 of which deal directly

- with number and cperations. Three of the remaining tupics--measure-
ment, money, and tinz--also are based in number concepts. (Both
English and metric measuremant systems are taught.) The last topic is
geometry. Sats, logic, statistics, probabiiity, functions, graphs, and
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algebra--modern math topics taught in some recent elementary math cur-
riculums--are 1hsent. The same content iy taught to ail students.

2.2 Content ana Qrcenization of the Subdivisions

The 11 topics in IMS are Humeration, Addition, Subtraction,
Multipiication, Division, Fractions, Applications, Money, Time, Measure-
ment, and Geometry. All are introduced at tie {ir~t-grade level and
taugnt in the order listed above. Within each topic, a sequence of pro-
gressively more difficult skills is to be learned, 393 in all. (These
are not the same objectives on which IPL s tased, for I¥S developers'
intent to reduce the verbal content of IPI lessons led them to re-
axamine IPI's mathematical content as well.) These skills (stated as
behavioral objectives) are organized into 9 levels of ditficulty.
Sevaral topic skills at tne same level comprisa a unit; for instance,
Yultiplication, Level V., A1l of the Level I units are taught in order
to tiwe whole class at the same time. Beginning with Level II, students'
progress through urnits is self-paced but prescribed by the teacher on
the basis of placevent tests and unit pretests ard posttests. In Levels
11 through IX a student may vary tne order in which topics are studied
only if the diignosiic tests show he clready possesses mastery of some
units. .

Since IMS is an uniniarrupted sequence of skills, and each topic
builds on the one above (see Table 1), the student starts filling in
tne knowledge gans which appear on his prefile chart always by working
on the unit whicih is located in the topmost lefthand square in his
chart. For instance, the Studenti Profile Form below siows that this
child will be assigned to work on Division, Level III. After he masters
this he will muve to Multiplication, Level IV and work down the IV
column, skipping foney, Time, and Measurement but doing Geometry, before
starting Level ¥ a% the top, Numeration. The program is always to be
used in this sequance.
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2.2 Materials Provided

Student. Level I materials consist of 11 consumable paperback
Skill Booklets, 1 for wach topic. These are workbooks for student
practice of skills taugit by the teacher to the whole class. For Levels
11 through IX, there are 357 Skill Folders, each containing from 6 to
20 separate instructionel pages. There are 4 different kinds of pages
in eacn folder:

1. Guidelines. These state the objective to be learned,
list the workpagas ard their content, and indicate
the vocabulary that should be learned and special
materials that are needed. Guidelines are a summary
of the folder's contents.

2. Workpages. Theire are three different kinds of work-
pages: teachiag pages present the concept; practice
pages provide for using the concept; extension pages
provide for vsing the concept in combination with a

« previously learned skill.

3. Check-tests. There are two in each Skili Folder.
They are nmiiniature posttests.

4. Activity pages. These are assignments for projects
or yames giving the student experience with a skill.
Activities may be for one child, partners, or a qroup.

The worksheets are color-coded so that each topic is identified by
one color throughout the sysiem. Each worksheet is plastic ‘aminated.
and students mark on the plastic with special IMS pencils. After the
student completes and checks his work with the answer keys, and records
results, he wipes the sheet clean and returns it to the storage cart.
Thus one set of materials stored centrally is sufficient for a whole
class. Included in the central supply are consumable placement tests,
and unit pretests and postiests. FEach child has a folder of his own,
which contains his Jupil profile, prescription form, and work that is
current.

Cartoons and drawincs are used wherever possible, both to make the
program appeaiing to chiliren and to minimize dependence on reading
skill.

Teacher. The teachor's basic resource is the Systems Management
Guide, a 176-page bound volume describing the complete program and pro-
cedures and including samples of student materials and forms. The
Guide also contains directions for teaching the lessons, called "seminars,"
which comprise a1l the instruction at Level I, and which provide a large-
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¢roup mode of instruction, offering reinforcement and practice, at the
end ut each unit in Levels II-IX. The teacher receives duplicating
masters for student profiles, prescriptions, and class profiles. A
mobile cart, to store materials for 100 students, is available.

2.4 Materials Not Provided .

Manipulative materials are called for throughout IMS. A1l materials
are to be provided by the teacher. A suggested meterials list divides
materials into four classes:

1. Supplies: general office an. school supplies, such as
crayons, tape, rulers, scissors, magnets, pipe cleaners,
etc.

2. Math materials to buy: specifically math-oriented
materials, such as blocks, centimeter rods, play money,
inch cubes, etc. Suggested vendors are noted, and
those materials essential tc IMS are starred.

3. Materials to make; includes number cards used in
activities, number 1iies, transparencies for overhead
projector, etc.

4, Materials to bring from home: coat hangers, egg
cartons, paper cups, tays, etc.

3. CLASSROOM ACTION

3.1 Teaching-Learning Strategy

The necessity to allow for the varying rate and state of ease with
which fast, slow, and average students within the same classroom will
master the same objactives causes the abandonment of the technique of
whole-class lessons conducted by the teacher, and the installation of
educationa] technology to handle individualized instruction. This
technology consists of individual lessons presented by "self-teaching"
printed materials in a pzcket, not bound in a book, plus a battery of
short tests telling when each student is to study which lesson. In
this system the teacher acts to teach students how to use the system
ef{icient1y and as a backup to the system. The procedures are as
follows:

1. The Placement 7est datermines the level at which each student
should begin instruction in each topic. The student takes
the placement test only once, when he enters the program. The
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placenent test is a princed 32-page, conswnable hookiet divided
into Part I and Part I1. Each part has a 10~ to 12-minute

test for each of the 11 topics. Each student takes eitner

Part 1 or Part 11 o7 each test. Teachers are supposed to

correct the placement fests thamseélves, theredy gatnering from
answers to jadividual rtest items more precise diagnostic informa-
tion than the test =cores alone reveal. The scores do tell the
student's general competency levei in each topic, and this
information is niotted on a suclumt fo i7e Sowvm Tor each
student.

2. Working from the pro*ile, the teacher assigns each student the
Pro-tect for tine tirst unit which shows up as unmastered on
his profile. Fur jasiance, in the profile on page 109, that
pretest assigned wouls be Multiplication, Lavel V. The pre-
“est resuits show which skills, if any, within the unit the
student alreedy knows, and thus can skip.

3. Pregooinricns are made rrow the pretest vesults. A prescrip-
tion staris with an assigmient to learn the first skill irissed
on the nreiest, by studying a series of orkpuges. As the
manager of the chiid's learning, the teaches is responsible
for writing the nrescription, althoucn in the upper grades
students themselves can learn to do this. Tne teacher is
expected to know how each child learns best; how big a chunk
of workpages to Lrescribe at¢ one time; and what kinds of work-
pages will Le most effective.

4. Work in a S-4is vpider nov gets underway. There are different
kinds of workpages appearing as seperite, unbound sheets within
each folder: t2aching pages, nractice pages, extension pages,
checkup tests, and activity pages. Tne latter are projects
for one or mare chiidren, providing e«perience with a particu-
lar skili just teacnad. The studant scorcs piis own workpages
from the answer key  in the IMS supply cart. and records his
vasults on his prescrintion form,

5. Somatiwe durirg his worl in a umit tho student participates in
A el se g, 0 Lotk Yor pairs or Leams of students all
working oa tho sawe unit. Ine task is Followed by a teacher-
Ted yeoup di.ou.s on about the generalizations that can be

devived ¥ o the tosk.,

6. When the cuulznt successfuliy completes all the checkup tests
for all thz skills the teacher has prescribed for unit mastery,
he cun take the unit fogk-tza-.  If the test shows incomplete
mastery, tie iooches serds the stugant back to workpages in the
Skill Foldars. prencoibos caer tutoring, or tutors him herself,
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When mastery is achieved, the child records this on his pro-
file and begins the cycle over again by taking the pretest
for the next unmastered unit on his profile.

IMS intends to acknowledge different learning styles and stages in
children, and so offers five different learning styles in the lessons
appearing on the worksheets. Teachers should xnow which of these styles
best fits the student in order to prescribe the most suitable workpages.

Lesson Style 1 The child works by manipulating real objects.
Workpages of tnis sort use drawings rather
than werds to indicate to the child what
is needed. Most of these lessons appear in
Level [.

Lesson Style 2 The child works with perceptual materials.
Drawings of objects, charts, or various
shapes and forms are presented on workpages
as representations of numbers.

Lesson Style 3  The ciild works abstractly. The workpages
in this category present numbers and symbols.

Lesson Style 4 The child participates in activities--on
his own, with a partner, or in a small group--
which require him to use a mathematical skill
to play a game or carry out a project.

Lesson Style 5 The child participates in teacher-directed
group projects, games, and discussions, which
require him to use the skiil and then to think
and generalize about it in words.

Descriptions of IMS maintain that the curriculum provides opportunity
for "open-ended" or "problem-solving" activities, but the behavioral
objectives in the continuum do not stipulate such kinds of learning.
Activities described as open-ended are not presented as challenges to the
child's own inventiveness but as tasks leading %o a given behavioral
objective although they do offer some options as to the manner in which
the objective will be reached; For instance, the numbers which will be
used. The program does not encourage students or the teacher to devise
problems from the local environment or student interests which could
be solved by the use of math.

Although the IMS developers strongly stressed the need for the
teacher to use his or her own inscructiona! ideas and knowledge about
individual students to enrich and supplement the system, the Ginn
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published version gives no special encouragement to nonsystem activities.
[f a student comes up short on & posttest; for instance, the only ineans
of help suggested are a return to the workpages, peer or teacher tutoring.
Lven though the IMS develapers helieved that too rigid interpretation of
the program would cause student boredow and that teachers should not
assume the materials would do the teaching for them, the publisher's pro-
motional materials convey the impression that the system is considered
all-providing, and teachers' own 1deas or judgments should be brought

into play only as a last resort.

The exception to this impression appears in lLevel I, in which the
manner of instruction is turned around: group projects and teacher-led
"seminars" emphasizing work with manipulative materials come first, and
individual student work in booklets follows. These seminar lessons are
outlined in the systems “lbnugement Guide. By the end of Level I students
are expected to be ready for transition to the pretest-prescription-
workpages-posttest cycle of instruction.

Worksiheets provide a consistent set of pictorial rather than verbal
instructions. Thus it is helieved that students with reading problens
will not b2 penalized in their learning of mathematics.

3.2 Typical Lesson

Math period begins for a class of 30 8-, 9-, and 10-year-olds,
Each child gets his o her math foider and begins to work.

Four children are all working in Numeration, Level IV, each with
a prescription assigning different workpages within this unit. Never-
thelesc, as all have been working several days in the unit, this is 4
good time for the teacner to pull them together for a "unit seminar"--
a team game explained in the Systems Management Guide. The students
take turns drawing number cards (numbered from 0 to 250) from 5 packs
of 3 cards each. They place the cards from each pack in order and
record the ordar for each pack. After they finish this task the teacher
conducts a discussion with the children around guestions suggested in
the Guide: "How did you decide if the numbers were in order? Which
digit should you look at first?" Etc.

Meanwhile, rwu students who are ready for posttests, one for
Fractions IV and tne other four Money V, go to the materials cart to get
the tests anc take them. icur cther students who yesterday scored

mastery on vartous pasttzsis are taking pretests for the next units on
their profiles.

Six students are working on laminated worksheets they started

several days ago. They are all working singly, each in a different
Skill Folder. Two uirls ave scoring their posttests, one in Numeration
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V and the other in Division IV. The latter discovers she has not passed
and goes to the teacher for a prescription calling for a repeat of some
workpages and then a session with the teacher. The other girl passes her
Numeration V posttest and begins the IMS cycle again with the next unit
on her profile, Multiplication V.

Seven othar students received new prescriptions today in units ranging
fron Levels II to VII. They all work independently. For instince, Jim is
doing a "skill 2" worksheet in Measurement III, which calls for him to use
a ruler to measure distances between points on a "pirate treasure map" and
then convert the total distance from "start" to "treasure" into miles,
according to the scale given on the mep. Jim's best friend, Peter, is
taking a checkup test on "skill 2' in Money ¥. The worksheet shows pictures
of items with pricetags on them, and adjacent pictures of coins, and asks
how many coins are needed to purchase the items. Two more students have
prescriptions to work together on a game matching multiplication factor
cards (for instance, the card 68 x 34 is matched with the card 34 x 68).
This is an activity page for "skill 2" in the Multiplication III unit.

After conducting the Numeration seminar the teacher tutors iwo children
in Multiplication IV.

3.3 Evaluaticn of Students

The entire IMS system depends on testing, which is called for at
each small step along the continuum. All test items are derived from the
behavioral objectives in the IMS continuum. In addition to the placement
test, pretests and posttests, there are two or three checkup tests within
each Skill Folder. They are supposed to indicate whether a child is under-
standing the workpages in a unit as he goes along. If he falls short on
the checkup ne can go bhack immediately and redo the workpages. 1If the
student passes the checkup tests for all the skills in a unit, he can go
on Lo the pusttest. Mastery scores are indicated on each test: /5/6/
indicates that the test nas six items and the student must have five
correct in order to pass.

3.4 Qut-of-Class Preparation

Teacher. What the teacher hus to do before class falls into the
areas of organization and insuvruction. In terms of organizatiomn, the
teacher must 4o what i< necessary for each child to nave his work clearly
laid out. That m2ans scering any pages or tests that children can't score
themselves, writing all necessary prescriptions, arranging needed materials.
Instructional ticks inciuda planning for group seminars for students
working in the same unit at the same vime, and for tutoring.

Teachers involved in fiztd testing said that IMS takes an enormous
amount of work at first, when students are starting to learn the system.
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This preparation time eases up as the year progresses and older students
assume responsibility for much of the mechanics of the system. However,
for younger children, more werk is needed.

Student. There is no student homework in IMS.

3.5 Role of Other Classroom Personnel

Although Ginn makes no mention of aides in its promotional materials,
IMS developers stroagly recommended aides without requiring them. These
developers suggested seven ways in which an aide could help:

1. Assisting in the administration of tests;

2. assisting in the scoring of tests;

3. assisting in the recording of test results;

4. helping tc train students in the procedures of the system;

5. keeping weekly placement charts;

6. keeping track of supplies;

7. ordering materials.
Help may be essential when the program is starting. After the program is
underway, older children assume routine responsibilities., If younger
children are not able to do their own scoring and recording, help may be

necessary to keep the teacher from getting too bogged down in the mechanics
of the system.

4. IMPLEMENTATION: REQUIREMENTS AND COSTS

4.1 School Facilities and Arrangements

s

Since IMS is individuaiized, it is particularly suited for non raded
classrooms. It accommodates a wide spread of ages and ability 1eve?s
within a single classroonm. It can be used equally well in self-contained
classrooms or open-pod schools. !t is not suited for teachers practicing
"open education," which calls for each teacher to create naturalistic
curriculun materials from children's own experiences and interests.

School scheduling will depend on how much IMS material is available

in the school. Materials are sold in “"Level Boxes" (a1l the tests and
Skill Folders for all the topics in a single level). A school with 100
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students in grade 3, whose students are performing at national norms,
needs three boxes of Level II materials for the third graders, four boxes
of Level III, three boxes of Level IV, and two of Level V. This supply
can be stored on a mobile cart available from the publisher. If this set

is shared among several classisoms, each class schedules math at a different
hour,

4.2 Student Prerequisites

There are no special student prerequisites for IMS. A student begins
the program at the unit indicated by the placement test.

4.3 Teacher Preraquisites

IMS teachers do not need mathematics backgrourd. However, they
must receive training in the use of the program. The publisher provides
attendance at a training workshop for two or three teachers in a school
adopting IMS. These teachers arc to teach the rest of the staff in their
school. Each receives a training kit sufficient to train ten other
teachers in the school,

Training and instructions focus on management of the system's
mechanics. No emphasis is placed on teacher presentation of lessons
except for beginners, and in the group seminars which terminate each unit.
The workpages are assumed to handle all instructional tasks except for
instances of a student not passing a checkup or posttest.

4.4 Background and Training of Other Classroom Personnel

While the publisher makes no recommendation for aides, presumably {f
they are used, they should be trained along with teachers using the system.
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4.6 Demonstration Sites

The following is a partial 1ist of IMS users.

California: Lee Mathson School
San Jose, Ca.

Indiana: Riverside Elementary School
Jeffersonville, Ind.

Massachusetts: Andover Public Schools
Massachusetts

‘finnesota: Roosevelt Elementary School

South St. Paul, Minn.

North Carolina: Winston-Salem/Forsyth County Schools
Winston-Salem, N.C.

Texas: Marlin Independent School District
Marlin, Tex.

Juvenile Achievement Center School
Waco, Tex.

5. PROGRAM DEVELOPMENT AND EVALUATION

5.1 Program Development

IMS is an outgrowth of an earlier systems approach to mathematics
curriculum, Individually Prescribed Ingtruction (IPI), developed by the
Learning Research and Development Center, University of Pittsburgh. In
1968 the elementary and secondary school division of the Regional Educa-
tional Laboratory for the Carolinas and Virginia in Durham, North
Carolina, began the project of making IPI manageabie in a classroom
setting. The Laboratory is now the Hational Laboratory for Higher
Education and the completion of IMS was undertaken by a separate divi-
sion, the Center for Individualized Instructional Systems.

Some of the original staff of IMS had enthusiastically worked with
IPI, but they wanted to change it in several ways: (a) from sole reli-
ance on paper-and-pencil exerices to provision of several lesson styles;
(b) to reduce the program's dependency on student reading ability; (c)
to give teachers a broader range of teaching activities for each behav-
joral objective; and (d) to improve classroom efficiency and cost effec-
tiveness of the system. As these aspects of IPI were considered for
change, the new format of IMS began to emerge. The program which started
as an installation of IPI became a major developmental effort as it
attempted to correct problems teachers experienced with IPI.
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IS was a cooperative venture with school administrators and teachers
from the beginning. In order to keep the program responsive to schools'
needs, and to continue finencing for evaluation and dissemination after
the Office of Education yrant Tor development expired, the Consortium
tor Individualized Instructional Systems was established in 1970. The
Consortium in:luded 34 schools in the Carolinas and Virgina, plus the
state departments of education in these states.

Besides evaluating IMS the Consortium undertook to develop IMS-1I,
an extension of the existing IMS into grades 7-9. The basic philosuphy
for IMS-11 is the same; the format differs in that skills are clustered
into learning buoklets, and lessons need not be taught in any one pre-

scribed sequence. The complete junior high program is to be ready by
fall of 1975.

5.2 Developer's Lvaluation

Preliminary testing was carried out during the 1968-69 school year
with 2,400 pupils in four schools. cight schools and about 1,000 second-
and third-grade pupils began using IMS on an experirental basis during
the second half of the 1969-70 school year.

During the 1970-71 school year, more than 5,000 pupils in 23 schools
in the Consortium field tested IMS at all grade levels. The IMS Forma-

tive Evaluation Plan was drawn up in August of 1970 to determine whether
IMS had achieved the foilowing goals:

1. Curviculus adequacy. The provision of a comprehensive set
of mathematics objectives suitable for a wide spectrum of
pupil aptitudes.

2. Materials effectiveness. The provision of attractive and
offective learning materials and teaching aids which
incorporate various alternative means of achieving
curriculum goals.

3. Cost-effectiveness. Achievenent of low cost per pupil
compared with other available mathematics systems with
similar structure.

Specific areas to be considered in this respect are:

a. Actual production costs and adeyuacy of
reusable materials.

5. Tha extent to which students can and do
assume responsibility for operation of the
system (thus reducing or eliminating the
need for paraprofessional personnel in the
classroom; .




c. The cost and effectiveness of teacher
training required to implement the system.

4. Learning effectiveness. Pupil achievement and progress
within the system cowparable with or superior to that
obtainable under conventional teaching conditions.

Information about different aspects of the system was obtairad from
questionnaires and surveys concerning teachers' opinions, from reports
by "experts" in the field of mathematics and from training reco:ds
gathered at IMS teacher workshops. In addition, student test scores
from four schools were collected on the Metropolitan Achievement Test
(MAT) in grades 1 and 2 and the lowa Test of Basic Skills (ITBS)--
Mathematics in grades 3 through 6. Tcachers were polled often about
materials they felt ought to he revised or which received unsatisfac-
tory student responses or reactions. Only Levels I through VI were
available for student use at the time of this evaluation.

5.3 Evaluation Results‘

The major concarn of the evaluation was tu obtain revision data to
improve the system. The evaluation was not chiefly concerned with com-
paring what is learned in IMS with what might ba lesrned in a conventional
curriculum. However, grade level scores on the standardized tests showed
that IMS students who had been six months or more below grade level at
the beginning of the year gained approximately one year. Average and
brighter students did not achieve a year's growti. This outcome was
attributed to the fact that brighter students spent most of their time
mastering below-grade-level topics formerly learned too superficially to
achieve mastery on the IMS tests.]

In 1971-72 a follow-up test of students who had worked exclusively
in IMS for two years was carried out by the developers. A group of 453
fourth-, fifth-, and sixth-graders in three Title I schools in the
Carolinas and Virginia were tested on the lowa Test of Basic Skills, and
their scores were compared with the average scores of children in the
southeast region. The study concluded that over the two-year qeriod IMS
pupils "made conceptual gains quite consistent with (or slightly above)
children in the region."

Changes in the desiin of the junior high progiam (IMS-11) may
possibly indicate the develusers’ own judgment that the structure of
IMS-1 is too rigid, although this is nowhere stated. The junior high
program now being developed presents groups of skills together in
"learning situations" instead of teaching one skill at a time as in
IMS-1. Developers say the expanded lessons make it possible to empha-
size relationships among math topics. Grouping topics together means
that strictly prescribed seguencing is not possible, and students are
not required to prove mastery in one topic before undertaking another.
Students are largely free to develop their own sequences of study.
These seem significant departures from the strict programming theory
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of IMS-1. Developers atiribute these departures to the fact that they
are now designing for older students. Many observers would argue that
seeing relationships among math topics and forming their own sequence
tor learning skille is just as acpropriate for elementary as for junior
high students.

5.4 Independent Analyses of the Program

None were obtained.

5.2 FProject Funding

From 1968-71 funding was provided from the Office of Education grant
to the Laboratory for the Carolinas and Virginia. In 1971 support was
provided by school districts and state education departments in those
statas which were using IMS.

5.6 Project Staff

IMS was deveioped by the Center for Individualized Instructional
Systems, a,division of tie Natioral Laboratory for Higher Education.
Dr. Frank C. Emmerling, who died in May, 1970, was the prime developer
of IMS. J.4W. Knight directed work to complete the project. Members of
the staff were Edward Bruchak, T. Jeffrey Cartier, Jerrie P. Charlesworth,
Evelyne Graham, William U. Harris, Kenneth B. Hoyle, Ellen M. Ironside,
Daniel C. Morton, Jack C. Nance, and Audrey N. Walker. Fred E. Holdredge
was che director of evaluation and developmeni, assisted by Robert B.
Frary and Victoria Fuller.
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N.C.: Center for Individualized Instructional Systems, 1972.




PATTERNS IN ARITHMETIC (PIA)

/19




IN']'RODUCTION BEST COPY AVA".ABLE

For fifteen minutes to haly an hour each week, studeintts and
Feachers view televised #.sierm: O Awizametic programs. The lessons
sorve two functions: they introduce new topics to pupils; at the same
time they teach the topic and modei teaching methods to the teacher.

The televised instruction is thus desiynad for both teachers and students.
TV programs do not replace the classroom teacher, who retains responsi-
hility for daily instruction. On those days when students and teachers
watch the televised lessons, the teacher first prepares the students

for the broadcast, watches it with the students, and then discusses what
they have seen. fFor the remainder of the period, and for the entire
mathamatics period when programs are not seen, students work with math
manipulatives and in PIA student ¢ zorcise books. The teacher's manual
contains lesson plans coordinated with the IV pregrams.

PIA was developed betveer 1959 and 1962 whan most teachers had
little background in new inath but were required to introduce it into
their classrooms. Developers ihought T would make it possible for
large numbers of teachers and students Lo learn modern mathematics
together quickly and easily. Developers soon realized that PIA was not
a program that would can.ure an auaience over a long time period. The
districts tnat did adopt the program uset it to introduce "new math"
to tneir students and teachers; after using 1t for a year or two most
districts switched to other mathematics curricula. Tn the 1972
Wisconsin R&D Centew Buiic Lrwogecn klir dovclopers note:

Afiep teachers have used it (PTA) for one to three
years &nd have uiastered the "modern" mathematics ccn-
cepts, tnay tend tu discontinue using the program.
professor Henry Jan £ngen, tne principal investigator
and primary PIA develuper hvputhesized that this
pattern of use would occur. PIA is a mass educational
anproach and is incompatinie with the instructional
program:ina modal fov the individual student. Schools
do not nave rhe equipwent or monegy to purchase th?
yideo tapes for more flexible individualized use.

By 1372 developers at Wiseonein Research and Developinent Center
Jere concentrating on A new program, Deveioping Mathematical Processes (DMP),
a mathematics curriculum for schooly using Individually Guided Education
(IGE). A report ca OMP is included in this book. Distribution of PIA
was turned over tc the National Instructional Television Center. A
Fiald representative <o NIT says that ihe program has never achieved
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widespread use. DOuring the 1973-74 school year, the program was pur-
chased by only seven school districts or state departments of education.
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Dpeeo wwrr Patterns in Arithmetic (PIA)

Coeen s PLA consiers of 33
of

15-ininute telovision programs which intro-
duce the main tupics ¢ 1

a 1-€6 curriculum in modern matn.

gt e Television master teachers provide a model for teachers
while introducing new topics to childrza,  Teachers design weekly
instruction around one or two 15-minute TV lessons.

L} !7

vooic: Arithmetic in a modern math context. Fundamental strands
include: sets, uuber, numeration system, operations, mathematical
sentencas, measurenent, and gsometry.

Suggeeted uer:  Cowpicte curriculum and inservice program for grades
one througn six.

Perone audlone: Students of all abilities in grades one through six;
slanontary teachers, one through <ix,

coicin o) wees Four to vive hours per week. The TV lessons oceur only
twice a week, for abuut 15 winutes each time., These are lessons
which introduce new concepts and are followed by daily instructicr
directed by the classreci teacher. Districts tend to use PIA for
a year or two to introcuce "new math" and then switch to another
mathematice curriculum.

afdis Jur veachers:  Teacher's manual for each grade ievel.

vze o publloation: Fall 1969 py television broadcast, fall 1971 by
videotabe reels.

Ui eeetor/Deveivper:  Professor Henry Van Engen, University of Wisconsin,
Wisconsin Research and Develonment Center for Cognitive Learning,
1404 kegant St., idadison, Wis. 53706. (608) 262-4901. Developed
in cooperagion with Tne Wisconzin School of the Air, WHA-TV.

Sdeteibniore  National Instructional Television Center (NIT), Box A,
Bloumingten, Ind. 47401, NIT regional offices: Arlington, Va.;
Wauwotusa, Wis.; San Mateo, Ca.; and Atlantae, Ga. DProgirams may
also be available theough local educational television stations.




1. GOALS AND RATIONALE

1.1 Goals

The developers of Patterns in Arithmetic set out to construct a
complete curriculum in elementary mathematics that would present the
modern ideas of the "revolution" in mathematics since World War II.

In spirit and in body, the mathematics courses
(following World War II) were not those needed for
the further industrial and scientific growth of the
nation. The spirit of the old elementary mathematics
was too heavily loaded with computational devices
with too 1ittle emphasis on the fundamental ideas

of mathematics.?2

The developers also sought to apply the findings of research about
how children learn math; for instance, the finding that spiral organiza-
tion of subject matter through several years is more conducive to
learning than long-term concentration on a single skill at a time; and
the finding that a variety of applications of an idea or a skill--
including physical manipulations--in which mastery is not immediately
required, is more effective than drill.

Thirdly, the developers sought to provide major, inmediate imple-
mentation of the new curriculum by insuring that districts would train
teachers in new math concepts and methods. Television could simulta-
neously teach the students and provide inservice training for their
teachers. The developers believed it could re-educate the huge staffs
of big-city school districts and the scattered staffs of small or rurai
districts, "communicating the newer ideas in mathematics. . .and demon-
strating a change in the spirit of teaching the subject." This change
in spirit was defined as letting children find out that mathematics
can be enjoyed. '

PIA is expected to produce both cognitive and aftective results
in students; that is, to improve their learning in math and their
feelinge about learning. rirst of all, the developers intended that
children experience arithmetic as "new ideas": sets, natural numbers,
functions, integers, decimals as a numeration system. Students should
learn to compute--addition, subtraction, multiplication, division--in
association with these math concepts rather than as rote calculation;
and they will learn to apply computational skills in verbal situations,
and to translate verbal problems into mathematical sentences. Children
should encounter geometry in early years as experience with shape and
symmetry; learn to measure length, area,and volume; and get an intro-
duction to number theory and probability.
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The developers placed importance on the affective responses of
students to the curriculum. They believe that television is "intensely"
intcrasting and stiwulating to children and thus that televised instruc-
tion will in itself heighten children's initial interest in math. They
expect the discovery and conceptual approach will make math enjoyable
o children. "Children will enjoy this arithmetic because it is an
arithmetic of ideas. VYou will enjoy teachiny it for the same reason. "2

1.2 Rationale

The developers of PIA believed that the old wethods of teaching
arithmetic were too drill-orjented and children were not being given
encugh opportunity to learn mathematical concepts. Developers directed
their thinking toward determining what children should learn about
mathematics and how to stimulate them to learn concepts faster and
retain then longer.

Certain learning principles generated by basic research at the
Wisconsin Research and Development Center were -rucial in construction
of the program. I*+ was deternined that a spiral organization of content
was more conducive to learning aritimetic than a nonspiraled one. Thus,
PIA does not spend more than two consecutive weeks on any one idea or
skill. Instruction in the skills of addition, subtraction, multiplica-
tion, and particularly division is reintroduced throughout as many as
three or four yeirs. This method is counter to the actual practice of
many classroom teachers who like to teach all of the skills of addition
of two- and three-digit numbers before considering other skills.

Research is continuously being carried out on questions such as
the effectiveness nf sequential learning. Results have indicated, for
example, that the idea of one-to-one correspondence (natching) is more
fundamental than the idea of counting for young children. The program
lessons reflect this finding in the introduction of one-to-one corre-
spondence in the first lesson in first grade, before counting is pre-
sented. Thus, during the early stages of the program, PIA uses those
problems which have been found the easiest. The harder problems are
presented only when the children have mastered the basic concept.

2. CONTENT AND MATERIALS

2.1 Content Focus

Patterns in Acithmetic presents both zrithmetic and geometry in
all six elementary grades. Nine key concepts thread throughout the six-
year course. They ara presented in 1es501s which use television and
classroom demonstrations, classroom discussions of examples of the con-
cept from the students' daily : 25, and workbook exercises of both non-




verbal and verbal problems. The key concepts and the topics which com-
prise them are as follows: ‘

1. Sets. Sets, one-to-one correspondence, transitivity,
numerousness, conservation. The set idea is used in
teaching addition, subtraction, fractions, and geo-
metric figures.

2. Number systems. The natural numbers. the positive
rational numbers, zero.

3. Numeration systems. The decimal system. (Other systems
are introduced as enrichment for gifted pupils.)

4. Operations. Addition, subtraction, multiplication,
division, and the concepts associated with computing.

5. The mathematical sentence. Mathematics is a language
with unique ways to express its ideas. Emphasis on
formulating sentences clearly and on translating verbal
problems into mathematical sentences.

6. Measurement. Basic ideas of linear measurement, area,
and volume. This is taught "as a key link between our
physical and our social environments."

7. Geometry. Early intuitive exploration of similarity,
congruence; later these are approached from trans-
formations in the plane.

8. Number theory. Prime and composite numbers, prime
factorization.

9. Probability. Elementary ideas.

2.2 Content and Organization of the Subdivisions

PIA's nine basic concepts are arranged in a spiral sequence. Pupils
encounter the same ideas and practice the same skills many times in
increasingly complex settings. A brief summary of the content of each
grade level shows how several concepts are taught at each grade level.

Grade 1: Natural order of numbers is taught through 99;
addition through 10; monetary system; linear
measurement; geometrical concepts of curve,
triangle; mathematical sentences are introduced.
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Grade 2: Order of numbers is extended through 999; addition
and subtraction through 999; special properties
of zevoy multiplication using facts to 185 geo-
metrical concevnts ara extended; linear measurement
gmphasizing the inch and foot; perimeters of poly-
gons; matharatical sentences extended to problem
solving witn larg=r numbers.

Grade 3: Order of numbers extended to 994Y9; base b and base

3 npuiber systews introduced; addition and subtrac-
tion extarde! to deriving sums of two and threo
numbers less tnen 10004 concept of tactors intro-
duced; special terms of wmultiplication; mathematical
sentences uced in multiplication, division, addition,
and subtraction proolams; geometrical concepts of
similarity and congruence Tor poiygons, angles, and
circles: ddea of function introduced.

crade 4: Order of nunbers estended through millions; division
with rewainders: traction explained using model;
Tinzar and Yiquid mezsures exiended; geometrical
concenis of varellel and perperdicular lines.

Grade 5: Order of aunibers extetded to decunals and fractions;
Toiry divisiot, including technigues for shortening;
rationals in percenteges; fractions greater than 1;
addition and subtraction ot fractions with unequal
denomingtors,

Grade 6: Place value exteaded through ten-thousandths for
decimals; base 2 number system presented in relation
to Cuinpdtursy remainder in division related to
fractions, addition and subtraction of fractions and
decimals extodeds multiplication and division of
fractione and decinels thorcughly developed; negative
winole numbars reviewsd; solutions of equalities and
inequaiities yrophed: area formulas for triangles
ard paralielograms rrecanted; measurement of volumes
and angies inteoduced: probapitity introduced; bar,
Tine, and ¢ircle grapns interpreted.

The titles of tihe 20 Tessons whicn comprise the entire first
year also demonstrat? the use of @ var oy of concepts at the same level
of difficulty.

One-to-One Corvespondonce
Transitivity ¢f "At Many A»"

The MNumbei s f-oim One to Four

Ordering the humbers from One to Four
Conservation of thmerpusaess 1

o NS —




6. Transitivity of "Morc Than" and "Fewer Than"
7. Conservation of Numerousness 11

8. Introduction to Addition

9. The Numbers from Five to Seven

10. The Numbers from Eight to Ten

11. Ordering the Numbers from One to Ten
12. Addition Combinations 1

13. Addition Combinations 11

14. Geometry: Open and Closed Curves

15. Addition Combinations 111

16. Geometry: Points and Curves

17. Addition Combinations IV

13. Geometry: Betweenness

19. Sets of Ten

20. Numeration: Eleven Through Nineteen
21. Numeration: Twenty Through Ninety-Nine

22. MNumeration: Order of Ten Through Ninety-Nine
23. Our Monetary System

24. Introduction to Subtraction

25. Subtraction Combinations 1

26. Introduction to Measurement

27. Subtraction Combinations 11

28. Standard Units of Measurement: Inch, Foot

29. Geometry: Names for Common Curves

30. Ordinal Numbers

Midyear Check-up Exercises

End-of-Year Check-up Exercises

Unlike other tzlevised instruction programs, Patterns in Arithmetic
is constructed as a self-contained curriculum. Henry Van Engen, primary
PIA developer, served 2s a major consultant to the Scott Foresman
publishing company. Because of this relationship, one field representa-
tive says, PIA and the Scot: Foresman math textbooks have many similari-
ties. Although some teachers have combined the two programs, P1A is
not intended to be used in cunjunction with any textbook series.

2.3 Materials Provided

Student. A 15-minute iassoir taught by a teacher on television
introduces each new topi: of instruction. There are 30 TV lessons for
first graders, 48 for secsnd groders, 64 for third graders, 63 for
fourth graders, and 64 each for Fifth and sixth graders: 333 in total
over the six-year curriculum. The older children see televised lessons
twice a week; the younger ones only once a week. Since the curriculum
is intended to be taught every day in periods of about 45 minutes, the
televised lesson serves as an introduction rather than as the lesson
itself, which remains the rasponsibility of the classroom teacher. A
television monitor is needad for every group of 30 or fewer students
using PIA (see Implementation secticn{. If the televised lessons are
shown on classroom videstape players rather than by broadcast, the
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player can be mcunted on a nortable cart to serve several classrooms at
different times during the day.

Each student has nis oun pupil exercise book. The book provides
activities which extend the coacepts introduced in the TV lessons, plus
exercises for practicing computation.

Preview materials. Preview materials consist of one or more repre-
sentative lessons from the scities, one copyv of the Teacher's Manual,
and other related print materials. These materials are available upon
request, free of cnarge, from the distributor, NIT. A handling charge
of 55.00 per lesson is made when materials other than the standard pre-
view package are requested.

Teacher. There 1s a ,eparate Teacher's Manual for each grade level.
For each lesson the manual devotes two or three pages to a 1ist of lesson
objectives, brief mathematical background on the concept (for the teacher),
directions for prevaring children for the telecast, a description of the
materials to be used by students during the telecast, a description of
the television program, instructions for classroom discussion or activi-
ties immediately following the ielecast, several suggestions for follow-
up activities, and instructions for directing pupils' work in exercise
books.,

2.4 Materials Not Provided

Student activities requitre the use of some materials usually pro-
vided in an ordinary classroon {flash cards) and others that teachers
may have to provide (buttons. beads). Some materials considered
essential for each crade Tevel are not provided. For instance, for
Grade 1 these materials include the following: flannelboard or mag-
natic board: cut-outs or wmaynets of <mall animals; geometric shapes;
numerals, and sets of t(en; ddition flash cards (to 10); subtraction
flash cards (to minuend 10): nlav money; several sets of number cards
and sets; symbols: numbar 3ine; obiects which can he readily bundled
into sets of 10 or 109, place value chart; fool rulers; plastic or wood
geometric shapes; wire or plastiz plane figures; and a counting chart.

-\

CLASSROOM ACTION

3.1 Teaching-Learning ~trateqy

PIA was designed to mazmize participation by and interaction
between teachers and stutaris even thougn it relies on televised instruc-
tion to introduce new mattrwmatacal topics. Responsibility for teaching
rests with the ciacsioom toecher, foliowing the example set by the
master teacher or television and che 7-ections given in the Teacher's
Manual,  The manual gedoeo e dhe onetal vale of the classroom teacher:




Remember that the telecasts are not intended to
replace the classroom teacher. They are intended
to help introduce and demonstrate iew mathematical
ideas. You, the teacher, are still the most
important element in. . .a sound and meaningful
mathematics program.*

The teaching-learning strategy is described as "discovery.” This
description should be interpreted to mean that tie student's experience
with demonstrations, discussions, and work with manipulative materials
should give him real-world understanding of the abstract concepts which
are presented.

Practice to reinforce basic skills should come only
after pupils have an understanding of the processes
underlying the computational techniques. By using
concrete materials, such as small everyday objects,
and semi-abstract methods of computation, such as
tally charts, students can actually see and feel
what is happening.

Students do not generate or verbaiize concepts by themselves. These
are presented by the television instructor or the classroom teacher.

The classroom teacher's demonstrations and discussions with pupils
as the core of the insuruction are an indication that the curriculum is
intended for whole-class teaching rather than for individualized instruc-
tion. Developers themselves state: "PIA is a inass educational approach
and is incompatible with the instructional programming model for the
individual student." Attempts to adapt the program for individualiza-
tion involve videotape players and school purchase or rental of video-
tapes rather than educational station broadcasts.

3.2 Typical Lesson

Before the television lesson which introduces a topic, the class-
room teacher sees that all materials needed during ihe telecast are on
the students' desks. The teacher rives the students a brief overview
of what the lesson will cover and points out specific things students
should watch for. Sugjestions for pre-telecast activities and each
lesson's objectives are presented in the Teacher's Manual. These
objectives are listed unaer "what the student can do," and they define
the skills and concepts which the student should get from the lesson.
To illustrate, in the first-grade lesson, Number 11, entitled "Ordering
the Mumbers from 1 to 10," the following student objectives are listed:

1. The student can crder sets of onc through ten objects.

2. The student can order the numbers 1 through 10.

#UnTess otherwise indicated, all quotations are drawn from program
materials issued by the developer.
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3. The student can identify the position of the nuinbers
2 through 9 v . two other numbers; for example,
6 lies - oo . Soaned T, s 3 and 9, elc,

Lesson Number 14, "Geunalry: Open and Closad Curves," lists these
objectives for the first.jrade pupil:

1. The studeat con identify a siwple closed curve by
tracing it from a starting noint back to that point.

2. The student can identify a sinple open curve by showing
that it cannot be traced trom a starting point back to
that point vithout backtracking.

During the telecast, the teacher showr 1n che TV lesson will often
ask the students to vespond (o questions, to count, to notice things in
heir classroum, etc. The classroom teacner is sunposed te encourage

the students to respund.

After the tolecast, the classroom teacher initiates a discussion
of questions that may Have arisen. The wanual suggests discussions
and demonstrations Tor the teacher to conduct to cmphasize the main
ideas presented on television., Follow-up activities in the manual and
exercise pages from the pupil workbook provide activities for the class-
room teacher to assign in order to complete the students' mastery of
the topic.

To illustrate studant ang teacher activities, Lesson 3 from the
first grade unit, " . Numkers trom One to Four," is detailed:

Before this les.on, ine students will be abie to count to 4 and
to write the Arabic sunerals from 1 through 4. they may practice this
skill by tracing numerals on worksheets, copying calendars, writing
their room numbers. etc. ouring the telecast, the TV teacher demon=
strates the ideas of the Aravic symbol (1), the number word (one), and
the Roman numeial (11 L, usine 2 puppet and pieces of candy. She asks
the children to write the Arabic symbol with theiy fingers and say the
number naime along with her. he ke veviews the number names which
have been precerted. She siuws Lie childeen number cards and asks
them how wany piecos of candy each cevd represents. As a final review
she plays a game with 2 puppet witich picks out the correct number card
for the objecte sh2 shows .

After the te.ecdast. the students cut out numerals and number words
from their Exercise Book and paste tnew on heavy paper, thus making
their own number cards. Tne ciescroom tescher then repeats the game
that the TV teacher played .ith the duppei.  She holds up objects and
the students respond with eilher the numeral or the number name, depending
on what she acks for. Poman numerals arz not stressed for slower
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students. There are three more exercise sheets in this lesson and five
follow-up exercises, which the teacher can use in following days to
reinforce the lesson. The follow-up exercises which are categorized

as "highly recommended" are intended to help all students meet the

basic objective of the lesson. The two activities designated as
"optional" may be used as time allows. The following are "highly recom-
mended" follow-up activities for this lesson:

Each student should make a chart which includes a set of
objects, the Arabic numeral, number word, and Roman numeral
for each number 1-4. This chart may be continued after other

numbers are taught. The set of objects should be drawn or
made of pictures cut from magazines.

Write a numeral or number word on the board and ask your
students to form the set from their collection of objects.

Those follow-up activities which are "optional” for this lesson:

Use felt letters and numerals to designate number words

and numerals for sets placed on the flannel board. Place

a set of objects on the flannel board and call on a student
to select the corresponding number,

Using different small objects, glue several sets which
illustrate the same number on a chart.

3.3 Evaluation of Students

There are several points during the year at which the teacher can
test the students to determine their mastery. Evaluation sheets pro-
vided in the Teacher's Manual can be duplicated for testing purposes.
However, the developers state that assessment need not always be formal.
A simple, oral question asked of a child can often yield enough informa-
tion to de*ermine whether he understands an idea.

Four check-up exercises are provided in the Teacher's Manual for
grade 1. The mid-year and end-of-year checkups are given by the TV
teacher during lessons 16 and 30; the first and third check-up may or
may not be given by the classroom teacher, at her discretion.

Teachers are instructed to tally the number of incorrect answers
for each question in order to determine those areas in which the whole
class needs the most help. Each evaluation question lists the program
number in which the concept was presented. No special method of reporting
student performance ¢ required.

3.4 Out-of-Class Preparation

Teacher. To prepare for a telecast lesson, the teacher should read
the material in the Teacher's Manual. It is preferable for the teacher
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to read two or tnree lessuns ahead of the current lesson to be aware
of the sequence of development. The teachar is also responsible for
gathering manipulalive wateri2ls and seeing that the teievision set is
in working order before che lesson and that all cinldren can see the
set casily.

Student. The teachar may assign students out-of-class work

depending upon her evaluation of their progress. Tie student may also
have projects from time to “ime that supplemert ais classroom activities.

4, IMPLEMENTATTON: PEQUIREMENTS AND COSTS

4.1 School Facilities_and Arrangements

PIA was des.gned for use in traditional one-teacher classrooms.
There should be no more than 30 pupiis in the group viewing the TV
lesson because it is immediately followed by instruction led by the
classroomn teacher, not suitable for groups of more than 30 pupils, If
there are several classes at the seme grade Tevel, studants can be
ability-group.d for their math lessons. In tinis way, pre- and post-
broadcas: instruction can be directed e w1 each group's level. The
developers state that a student who has ‘eved certain concepts at
his own grade level siould be encourage. « work with the next grade
during the programs on those concepts.

The curriculum was desianed for transmission over educational tele-
vision natworks or schoel districts' closed circuil television stations.
Cither method maw present Lime scieduling probiems for teachers. In
one district using PIA on closed circuit the first year all teachers
reported that program scheduiing was erratic and subject to transmission
failures. If a teacher mi..ed one or more programs, either because of
her own schedule or a station power failure, there was no opportunity
to have tnem repeated. I < Feacher wissed too many lessons, she
finally dropped e proyram,

The teachers of upner cradcs commented that their students would
be gaining more from the course 17 they had part cipated in the earlier
levels. There was alsc coosiderable juggling of television schedules
to permit all six leve's te ve biovadcast each week., This suggests it
may be easier to introducs +1A one year at a time for both educational
and technical reascns.

Solutior to the prouiess created by iroadcasting may be found in
the adaptation of tre PIA curriculun Lo videotape classroom players.
A project by the forihwes: Regional Fducational Laboratory of Portland,
Oregon, adapting PlA v use on clzssroom videotape classroom players.
VIR enables each class:ue.i heacner to schedule the televised lessons
according to tha argurenc of the class av of individual students within
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it. Since this involves purchase of costly tapes and equipment, it is
probably not a viable solution in most districts.

Personnel requirements and training. PIA requires one teacher for
each cTass of 75 to 30 studer . Tais need not be a math specialist.
A1l teachers participating in the program receive inservice training
by observing the television teacher's lessons and by studying the dis-
cussion of new math concepts and instructions for classroom activities
which are provided in the Teacher's Manual.

Equipment needed. For educational television station or closed
circuit broadcasts each classroom must be furnished with a 21-inch
television set, a Teacher's Manual, one pupil exercise book for each
student, and a large assortment of manipulative materials. Classrooms
using the curriculum on videotape reels need a videotape player and a
teleyiciun monitor, preferably mounted on a wheeled equipment cart,
plus the Teacher's Manual, exercise books, and materials.

4.2 Student Prerequisites

Since Patterns in Arithmetic is a sequential six-year course, it
is desirable that students begin the program at first grade. The
developers state that at each grade level students of average ability
should find all of the material within their grasp. However, results
of the first (1966-67) evaluative testing across a varied student
population indicated middle and higher socioeconomic group students
were more successful in the program than were low-income children.
Transfer and late-entering students within the broadcasting area are
expected to have little difficulty in keeping up with materials since
they are presumed to have studied tne curriculum in the previous school.

4.3 Teacher Prerequisites

PIA was designed to be taught by teachers who are not math spe-
cialists and without inservice training. The detailed instructions in
the Teacher's Manual provide explanations of the mathematics concepts.
The TV teacher is expected to provide a model for the classroom methods.
The Teacher's Manual and pupil exercise book are supposed to provide
ample activities for students.

The teacher has to assemble many materials for students' classroom
work. Recause the television programs are paced for "average" students,
the teacher will need to offer some students remedial work and others
enrichment. Such assignments can be taken from the optioial activities
listed for each lesson.

4.4 Background and Training of Other Classroom Personnel

No additional personnel are required.
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4.6 Demonstration Sites

During 1973-74 PIA was purchased by the following school districts
or state departments of education:

Las Vegas, Nevada; Monroe, Louisiana; Little ikock, Arkansas;
Salt Lake City, Utah; Wisconsin; South Carolina; and Kentucky.

5. PROGRAM DEVELUPMENT AND EVALUAT.ON

5.1 Program Development

In 1959, the University of Wisconsin received a Ford Foundation
grant "to establish an imaginative program for the improvement of schools
in Wisconsin." During 1960, a math program using the concept of instruc-
tional television was developed for grade 4. A grant from the hational
Science Foundation in 1961 enabled work to extend the program to grades
5 and 6. Then, in 1964, the Office of Education established the Research
and Davelopment Center for Cognitive Learning at the University of
Wisconsin. One of its tasks was to develop a Six-year program in math-
ematics based on the past experience and to subject it to extensive
field testing. In 1965-66 lessons for grades 2 and 4 were developed,
and grades 1 and 3 were field tested. Field testing of grade 2 was
carried on in 1967-68.

A developmental year for the PIA program, grades 1 and 3, went
through the following series of stages. First each lesson was planned
according to content, method, and television presentation. From 30
to 100 teachers in the Madison, Wisconsin, viewing area participated
in the course through the educational television station, Every
four to eight weeks the teachers evaluated the program either in writing
or by meeting with the R&D staff members. When necessary, lessons were
revised and rewritten according to the teachers' comments. A mid-year
and end-of-year achievement test was givca to all participating students
and results were reported to the teachers. At the end of the year, the
lessons were edited and bound as a pupil exercise book.

5.2 Developer's Evaluation

During the 1966-67 school year, 675 first graders and 760 third
graders in Wisconsin and Alabama participated in a summative evaluation
of PIA. Three achievement tests, one designed specifically for the PIA
progran by Educational Testing Service, were used to gauge computation
<kills and conceptual mastery. These tests included the ETS Coopera-
tive Primary Test, the California Achievement Test, and the Stanford
Achievement Test. Participating classes were divided into two groups
. to minimize testing. Both groups took the PIA-designed tests, but the
standd. ! test on computation was given to one group and the concepts
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test was given to the other group. Classes from large communities were
classified into high, middle, or low socioeconomic categories. Teachers
were surveyed to determine their attitudes about how much tnhey had
learned, how they liked the curriculum, how they thought children re-
sponded, how suitable the curriculum is for high, average, and low per-
forming students, etc. '

In 1970-71 nearly 400 teachers in New York, I1linois, Oregon,
Vermont, and Virginia participated in a study designed to test the
ways in which PIA affects teachers. Tests and questionnaires were
devised to measure changes in mathematical knowledge, knowledge of
PIA-specific content, and attitudes toward teaching arithmetic.

5.3 Results of Evaluation

The study group of Wisconsin and Alatwma first graders partici-
pating in the 1966-67 evaluation of PIA compared favorably with the
norms group on achievement tests measuring both computation and concepts.
The third-grade study group did better tnan the norm on the standardized
concepts test but not as well as the norms group on the computation test.
Developers attribute the low rating in computation to the Wisconsin
group, whose students also scored low on pretests. Although the third
graders showed consideralle progress during the year, it was not suffi=
cient to carry them to the norms group achievemeat level.

Data analyzed by socioeconomic class indicated that the first grade
program favored high and middle groups over low. Third grade students
in the high socioeconomic group achieved more than middle and low socio-
gconomic groups.

Results of the student and teacher attitude inventorias showed that
both, in general, were pleased with TV arithmetic. Teachers felt that
the concepts were appropriate and reasonably placed and that the inser-
vice training was effective. S.udents indicated that the TV teacher
halped them to learn arithmetic and that they enjoyed working with the
exercises.

Results of the 1970-71 summative evaluation of the ways in which
PIA affects teachers indicate that "PIA can be used effectively as in-
service education, particularly for those teachers with relatively lower
initial knowledge of the basic mathematics which underlies a contempo-
rary elementary school mathematics program. PIA does not seem to change
teachers attitudes, however; nor is it beneficial in increasing know-
ledge of concepts not specifically related to PIA."3

The developers found that television instruction is more effective
when used on a local closed circuit basis Lhan when broadcast over an
ETV network. Closed circuit lessons can be repeated and paced accurding
to the classes' abilities, thay said. They also stressed that the pro-
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gram should not be used unless truly adequate facilities (only one tele-
vision set per 30 pupils) are available. The developers conclude:

Mass communication techniques are effective in
providing both sound instruction for elementary
school children and inservice training for elemen-
tary school teachers. Teachers' comments. . .that
for the first time in ten years of teaching their
children are able to understand a concept are
excellent indications that for the first time in

ten years of teaching the teacher understands the
concept.

5.4 Independent Analyses of the Program

No independent analysis of the program is available.

5.5 Project Funding

PIA has received grants from the U.S. Office of Education, the
National Science Foundation, and the Ford Foundation.

Distributor. The program is distributed by National Instructional
Television Center, Box A, Bloomington, Indiana 47401. A1l materials
are available from NIT and all inquiries should be directed to them.

5.6 Project Staff

PIA was developed by the Wisconsin Research and Development Center
for Cognitive Learning at the University of Wisconsin. Henry Van Engen,
Professor of Educatisn and Mathematics at the University of Wisconsin,
was project director.
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Basie Program Plan. Madison, Wis.: Wisconsin Research and
Development Center for Cognitive Learning, University of Wisconsin,
1972, p. 115,
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%o Improve Arithmetic Instruction. Audioc Visual Inetruction, February
969.

Wisconsin Rasearch and Development Center for Cognitive Learning.
Evaluation of Patterra ir Arivhmetis {n Crades 1-4, 1970-71: 3jfects
on Teachers. Madison, Wis.: Wisconsin Research and Development
Center for Cognitive Learning, University of Wisconsin, 1972.

Van Engen, and Parr. Audio Visu«l Instruction, p. 38.
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INTRODUCTION

fach seeond grude enild has a olastic eylinder Vith & centimetep
e attached, into which he pule wilzr and vavy oeane. He observae
wd records in nils werkbo ik tne changes ixn heighl of the column of water
(ter vhe beans have stood overatght tn the water. A subsequoent aetivity
‘s o dvry the beans ard make new measuremerts.  Siudevits use palances
wade I o previous untt wo compare !re weight of wet heans und drvy beans.
Che teachey suggeete trurt ohlldren chresve tre operanion of the swelling
Shgnomenon in Bheir mother's cookivg of votmeal wund idce.

P
-y
“

These activities are part of a second grade unit in dinnemast
(Minnesota Mathematics end Seience Tewching Projeer), a K=3 curriculum
which encompasses both mathematics and science. The developers have
coordinated teaching of the two disciplines since they believe each
needs the other in urder to make itse!l completely understood. The
math/science "tugethernass" is accomplished trrough careful sequencing
of the curriculum's 29 units--some in math, some in science, some both.
yhe same processes are encountered in different subject matters at many

evels.

The basic goal of the project s to teach students tn think. James
Werntz, former project director, explains that the lessons, which use a
wide array of manipulatives, were prepared to "direct the thinking of
children into ¢2sired approaches to the subject. Teachers serve as
guides, leading the students toward specific discoveries, following
a. . .route that we know they're gquing to follow." The amount of direc-
tion or information children will need for their investigation depends
upon their maturity, ability. and prior experience.

Minnemast develoners were in the forefront of educators who defined
thinking and problem sciving in terns of intallectual "processes' common
to both mathematical and <cientific investigations. Long before partici-
pants at the 1967 Cambridye Conference un the Correlation of Science
and Mathematics in the Schools suagested an activity-based unified pro-
gram for elemzntary school, University ot Minnesota physicists and math-
ematicians had bequn to develop and field test Minnemast. USMES, a pro-
gram incorporating many of the ideas presented at the conference, is
described in this book.

Although the project bagan as a K-6 curriculum develorirent, only
the K-3 materials were ctipleted before funding was cut off. The
developer provides a bookiet of recrmmendations about other science and
math curricula which caa complete the objectives started in Minnemast.




In 1969, Roger Jones, then associate director of Minnemast noted:

I think that this project in a sense is typical of many
of the projects around the country today that started
several years ago. The thinking has changed and become
even more radical since then, and the "old" projects

are all behind the times. They are miles ahead of what's
actually going on in the school, but not in terms of what
people are thinking of doing in schools today. In the
sense of a really free, open experimental school in which
there's no grading and the children sort of do what they
want and follow their interests and have lots of things
available but no direct guidance, Minnemast as well as
the other projects still have a long way to go.
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po e bz e dinnasota Hacnernatics and dcience Teaching Project
ulinnemast)

cengze o Complete mathematics and science prograw for kindergarten
througn third gride u1‘h sujgestionug Tor cantinuing grogram in inter-
mediate grades. ine 29 unitz, some in math, some in science, and
some beth, are interouined and spivalily se=ouenced so thal concepts
are introduced in siuple Tovw and later cooarorced and elaborated.

Dol e e A active-learning ingthanatics cury tenium coordinated with
science units and wmpnasizing the contribution off both Jdisciplines
toward the cnila's develop.ont of logica’ processes.  Teaching
strateqgy relies on usic or ¢ large numbdr nf waninulatives and labora-
tory investications.

b, Concepts cnd processe. coadmon to mathematics and science.
Squects ircluded are r2al nutoers and geometyy In macit science
concepts of sysiem,, interaction, change, revarsibility, invariance;
ana science topics o space, viae, matter, force and field, 1ifa,
Processes dre observalion, expevimentation, gzneralization.

Sggecled ucer  conplate R-3 mathematics and science curriculum.
aprgel auccenee: Students of il abilivy levels, grades K-35,

St o oo Ko owith recommendations tor the intermediate grades.
Developers esnect the promam Lo be used daily for one class period
(¢ 'U-45 minutes), Eoch unit tekos ebeut 4-8 weeks to complete.

Alle [ur reasne-s: Teacners' wwnuole for cach wmit, compiete lesson
plans, student workbcons, kit of nmanipulakive moterials.

’
ceosher

S ooubidl el 1264470,

Degs ovloese’ e Blan Hoephreys. Ausociate Professor of Elementary
Educabson/"1nnnsota schoal Maihemalics and Seierce {Minnemath) Center,
University of Minnesova. 720 Meshiraaion Ave, S.E., Minneapolis, Minn.
55455,  (612) 273-4922. Feuading director was Peul C. Rosenbloom,
and James VMeratz was aivector during o major development phase.

uilichep: Minnemast. 720 “ashinoten Ave. S0, Hinneapolis, Minn. 55455,




1. GOALS AHD RATIONALE

e e

Developers of the Minnesota Mathematics and Science Teaching
Project, linnemast, believe that most students suffer from a condition
they call "atropnied thought process.” This deneneration occurred,
in the developer's view, because students harl beer taught to produce
ready answers to problems. they had nct peen uryed to apply thought to
the solution of these problems. They noted chat if young children are
expected only to react, it is difficult, if not impessible, to later
teach then to think. Progran initiators therefore sought to develop a
curriculum which would help elementary school children learn to produce
reasonable solutions to probiems. They believed that math and science
were the best media for teaching a rational approach to probicm solving:

The objective of iinnemast is to help tie children
develop the intellectual tools of rationa: inquiry
and not necessarily to prepare them o de scientists
or mathematicians. The tools of rational inquiry
apply rot only in science and mathematics and other
studies, but are powerful ways that lead to under-
standing the experiences of our daily Tives as well.
Briefly, our main objective is to guide children

in learning to think.*

paul . Rosenbloom, the project's initiater, indicated these specific
program goals:

1. Supplying childien with effective, efficient procedures
for arriving at rational conclusions and with motivation
to apply these procedures in scientific and other appro-

nriate contexts.

2. Preserting mathematics and science as part of the con-
tinuing human endeavor to make sense of the universe and
man's place in it.

3. Presenting nathematics end science as creative and ever-
changirg discipiines, in order to close the gap between
science as it is taught 1in cuy schools and science as it
applies to current research, research scholiars and every-
day life.

- ——

* A1l quotations are drawn from waterials issued by the developer.
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4, Supplying experiences in the orcuesses of the vhysical
and biological sciencss and skills in mathemstical
techniguss a5 are aseicd by oevecysone (O fuaciion
effectively in ociaty,

5. Provading a sound foundziion for the regining of
future professicoaal motnematician, ond scientists,

1.2 Rationale

Minnamast tas baen coapid by maey intiucnces, according o developers,
but two educational thearies have neen of »pesial faportance, [irst is
Jorome Bruner's thecry that @ curriculum shotld provide a <onerent pettern
rather than izolated bits oF knewledge. UWruner believes that a child
Tearns more and retaing Tonger those ideas and sxills which fit together
in 4 unified structece.  Tn Miunemasi, a pattern is provided by o “spiral
curriculum® winere Tundamontal comcanis reappzir in increasingly complex
s1tuations.

analysis of the =iages of the hiit's dnteliecwual develepaent indicates
that learming c¢tovivuieirle to o taser stage of thinking can only occur
after completion o7 »ac:ter stanes,  In Piaget’s work, the preschacl

and primary studenc aiis iie experiavces with "voncrete pienoiena to
Luild ever more 21sho-are conceptual siruccuraes l2ading Lo wdstract
thouont. Piaget asserts Lhet &'l Pumens develop tiinking in stages, and
skills associated with laier abstract svages of tnought cannot be last-
inaly learned until a2 versti bds &5 finitated Lthe meaiinrg of his early,
simnle experiences. Accovdinaty. finnenast cloes not attempt to teach
cmldren technigues invelviag sanbolic {novcht--such as arithmetic
atgoritims--until chnir Jeelopoeni has veached the stage of real compre-
hension of concepts--aot juss .r%e memory  ilinnemast provides many
erperiences (for instanc: o saninuiaiiag clessitying, grdering) to

aid the child's transicion ivo. "o e-onercticna’ to "gperational thought,
vinich occurs around Led ape 07 5ix or sever in ndst children.  Then the
curriculum offers oporasiony! exner pences oo pragice the child for the
logical stage around thz ealy izers, when gene~dization, abstraction,
and deductive hivting become weo? ways or crjanizing evperience,

The second wados ivfiycnges oo Minoeasst is thei of Jdean Pilaget, whose
1

Davelopmental theor, oo gies wtiongly against vhe effectiveness of
sraditional dinstenciion weimr colies on legining by vole memory.
Minnenmast develonars raia.: sciance Leaching wnich derands mastery of
facts rather then undersiandine of opavetions and ceraents.  This follows
hoth from their heliets woone how cinildren learnt and their belief about
the mature OFf scicice. v 12 uoh on encyeicpedic collection of facts,
Minnemast developers helievi . Jumes Neenty, @ former divector of the
project, has said:

As an ovecsll abicciive we nust attewpl to give child-

won ar toviocaiamding of the ensential intellectual
Content, ¢ sraont - -the oLacabion ob science, iT You
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will, And we must gear our programs to provide them
early enougn and often enough and so concretely that
they find a place in the immediately accessible intel-
lectual toolbhox of all children. ., . . It is important
to structure presentations so that drawing of con-
clusions by the teacher is discourajed; ~nd to organize
the material carefully, so as to direc: the thinking

of cnildren into desired approaches to the subject.

Another important feature of the Minnamnast rationale is the com-
mitment to a coordinated mathemacics and science curriculum. This coor-
dination implies that each subject can support and reinforce the other
where appropriate, with common techniques and concepts being deliberately
sought and exploited. The developers give several reasons for combining
math and science. For example:

It is natural to teach mathematics with applications
and illustrations from science, and to teach science
when you can make use of its mathematical framework
The description of Newton's law of gravity or the
growth rate of a plant is so simple and precise in
mathematical terms that words seem cumbersome in com-
parison. Similarly, the abstract idea of vectors or
of the real number system can be made much c¢learer
througl: physical illustrations from the sciences.

In addition, mathematics and science have relied
heavily on each other throughout the course of
their common development. The very backbone of
much theoretical science has evolved, in a sense,
as a branch of applied mathematics and would not
exist today without it.

The boundaries between science and mathematics are
not always very well defined. Many aspects of the
two disciplines overlap to such an extent that they
are of equal importance to mathematicians and
scientists. Thinking about mathematics and science
as distinct disciplines is not necessarily the most
fruitful apovoach for the mathematician or the
scientist, to sav nothing of the layman. [t seems
quite reasonable to avoid making a strong distinction
in the mind of a child. . . . Breaking the bonds that
join mathematics and science togethes probably harms
that child's appreciation and understanding of both
subjects as much as it weakens the creative union
between the two.

This integration of science and mathematics is seen as only the
beginning of a possible full integration of other disciplines.
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¢. CONTENT it MATERIALS

(g
et

Content Focus

Ninnemast combines subject matter frow both math and science in
its K-3 curriculun. Mathematice subjects covered include number line,
number theory, arithmetic, continuity, probability and statistics, sets
and groups, functions, measurement (metric), chapes and configurations,
and Euclidean geomerry. Science subjects covered are: systems, inter-
action, change, reversibility, iuavariance, space, time, matter, force
and field, and life. Althcuwgh the entire curriculum seeks to weave
inathematics and science togetiher, some units emphasize one subject more
tnan the other. In some unit:, developers caution, the un:on of the

w0 subjects may not Le aoparent simply because we traditiorally con-
sider certain topics as 2itner math or science, when in fact, they are
basic to both matheastical and scientitic understanding.

For instance, frow the title and initial inspection
of the fir.t unit, Watching and Wondering, one aight
conclude that only science is treated. The project
developers feel, however, that watching {(careful
observation) and wondering (asking questions) are
just ez basic to the thinking of a mathematician as
to that of a scientist, A topic which may seem
important ¢nly to mathematicians, such as graphing,
is just as necessary for a scientist,

The units are based on skills and processes such as observing,
describing, classifying, comparing, ordering, measuring, and computing.
These skills and processes are arranged in a spiral curriculum in which
they are touched on over and over againu but at more sophisticated levels
in succeeding units., Because Minnemast uses ¢ spiral format and because
many lessons requira exparience wilh previous lessons, randow deletion
and rearrangement of material is not recommended.

2.2 Content and Organization of ine Subdivisions
Lo gantzation or G1vis10Nns

— s e —e

dinnemast consits of 29 units designea for kindergarten through
third grade students. Therc are 7 units each for kindergarten, first
grade,and third grade,and 3 for second grade. Following are lists of
titles of the units, After some of the titles are shketches of the
unit content.

Kindergarten
1. Wasehieg wid N
.t et
2. Lueves end Chaped

A ]

, .o e . .
o Leloriiinyg woia Jlasaniaing, SGLS,
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4. sirg Our Sensca

5. Introlusing Jleacurcrent, Length, area, volume, and time
duration are introduced as properties that can be compared
and ordered. A1l work is non-numerical. Children first
see a need to measure a particular property and then
develop methods of comparing each of two objects using
that property.

O>

Mwmeration, Children first use a set of objects, then
tally marks, and finally numerals to represent the number
of objects in a set. Through comparing different length
rods, children perform pre-counting, pre-addition, and
pre-subtraction exercises.

7. Introducing Syrmetry
Grade One
8. Observing Properties

9. lumbers and Couting. Set comparison, numbers, numerals,
and counting.

10. Deseribing Leoeasions. Children learn to make and read a
variety of simple maps, and to describe verbally where
something is. Two mathematical concepts are involved.
One, "locus," reviews and extents set concepts; "frame
cf reference" provides a foundation for later mathematics
work with graphing.

M.  Intpoducing Addition and Subvraction. Sets, number line,
and place value.

12, Meraurement with Reference Units. Length, area, volume,
and time.

13.  Interprotations of addicion and Subtraction, Measurement,
sets, and number line, Children learn to use an addition
s'ide rule to add and subtract larger numnbers and numbers
other than counting nunbers.

14, Eeploving symetviceal Pattoris

Grade Two
15, mwzetigating Systems
16. immbere and ifecouring. Numerals to 999, fractions, negative

numbers base four, ordering of lengths including diameter and
circumference,
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17.

18.
19.

20.

21.

26.
27.

BEST COPY AVAILABLE

Introdusing Maisip!i aidior. and Divicion, Multiplication
is represented as repeated addition by jumps on the
number linc, coubinations of equivalent sets or arrays,
and related scales oun parallel number lires. Uivision
is presented as breaking up a set of things into equiv-
alent subsets.

Sealing and Repregercotion,  Maps and scaie models.

Comparin; Charges.  Children cbserve changes that occur
and measure and record these changes. Experiences with
plants, volume and weignt, and temperature changes lead
the children to explore relationships among variables
and to represent tnem Jraphically.

Yging Largee Jhbers,  Addition and subtraction of two-
and three-digit puabers. Graphing, place value, and
measurement are included.

Avigies aw! S~ . This unit integrates some scientific
ideas with . -: of "nure" geometry. Angles are defined
and measured. Angles and their properties are used to
describe a variety of natural and geometrical objects.
Children are introduced to regular polygons and symmetry,
as well as to some three-dimensional concepts in
geometry. Geometric congruence and similarity are

used to make some size comparisons and to introduce

the idea of proportionality. Optional projects, such

as making periscopes and sundials, are suggested.

Daroe e Plececc, Raticonal numbers,

hJ

Somaitions Affeciding (17
Cnange avd Calealatien,  Simulation of a computer.

Mulsipiicat bon sl Moriec, Differences and similarities
between multiplicalion and aaditior:; commutative,
associative, and distrilutive laws, The activities
provide a *cundavion for the study of the relationship
between & «loj.¢ iincar grapn and multiplication.

]

Wicet are hins Nugle O

Numbers oo The v deaeredas, Multiplication of numbers
written in Lase tan and other bases. Field properties
of closure, identi y. inverse, ascociativity, commuta-
tivity, and disto"butivity. Some work with equations,
natterns, negative integers, and exponents.
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238. Geometry and Gecgruphy (Mapping). Using simple geometrical
ideas, the children review and extend map-making. They
use elementary surveying techniques and some simple
coordinate systems. By constructing maps of their own,
the children begin to see mapping as a transformation.
Children study different kinds of maps. Through optical
projection, they learn how the curved surface of the
earth can be represented on a plane. They use longitude
and latitude for the global coordinate system.

29. Natura’ Systems. Animal locomotion, plant, wind, and river.

2.3 Materials Provided

student. Pupil exercise books have been developed for the first
through third grade units. Kits containing manipulative materials are
packaged for classes of 30 students.

Students use the following three items during kindergarten, first,
and second grade Minnemast units:

Minnebar: wooden rods varying in length trom 1 to 12
cube units. Thesa differ from Cuissnaire Rods because
unit divisions are indicated on each rod.

Property blocks: similar to attribute blocks of other
projects but modified to fit the program. There are
48 blocks having three shapes (square, triangle, and

“circle), two sizes, two thicknesses, and four colors
(red. yellow, green, and blue) for each shape.

Addition slide rule: introduced in first grade, this
tool enables the children to add and subtract larger

numbers before learning the standard algorithms, and

also to add and subtract numbers other than counting

numbers,

Teacher. The proiect provides separate teachars' manuals for each
Minnemast unit. The manuals contain a suggested teaching schedule, a
list of materials necded for teaching the unit, notas to the teacher,

a list of unit objectives, and detailed lesson plans.

Two enrichinent hooklets are also available from Minnemast. The
first, Advertureg ir, Seience and Matnematice, is a series of narratives
about the lives of famous scientists and mathematicians., Living Thinge
in Field and Clussroom suggests to the teacher ways of coordinating
activities in the classroom and out-of-doors in the study of plants
and animals.

Another Ainnemast publication, overview, explains the program phil-
osophy and provides summaries of each of the units. Minnemast Resom=
mendations for Math and Ccience in the Intermediate Gradee offers
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suggestions of math and science units or programs which can correspond
to the content and approach of Mirnnemast.

2.4 Materials Not Provided

Most units require a number of items which are not included in the
kits but are easily obtainable from grocery, hardware, or scientific
firms. For example, the teacher is expected to provide plastic cups,
shells, seeds, corn meal, and mealworms.

3. CLASSROOM ACTTNH

3.1 Teaching-Learning Strategy

Lessons are introduced in a variety of ways including games, demon-
strations, experiments, or stories. During the course of one unit child-
ren may work by themselves in small or large groups. Minnmnast activities
are designed to place the student in situations where he can hypotheeize
possible sclutions, propuse weircds of checking the hypotheals, carey
out waperiments, and lecide whether . hypothesis seems viausihle in the

L R T, T Veen s T
Ma'b of experimenicl PegiirTy,

Although the materials have been designed sd that the entire class
works on one unit at a time, teachers may select specific lesson activi-
ties for individual students. According to developers, children can
continue to work on Minnemast activities as long or as in much depth as
their abilities and interests permit; they expect that every pupil will
be capohle of performing some work on a problem and gaining the basic
knowleuje needed to move on to new units. The units include supple-
mentary materials for more able students. Fobert Jones, former associ-
ate director of Minnemast, said:

. . .Teachers have found that they can, by selecting
the materiais, make some things easier for the children
wno dare having more trouble. They may use other
materials for those that are doing well. Ue try to
provide material on Jdiffervent leveis and then expect
the teachers to do scan selecting on the basis of
student nead, .

Minnemast units are designed to be used in a specific sequence
because the curriculum is a spiral one; concepts presented in early units
are reinforced and extended in latar - .its. Instructions for teaching
a unit vary. Some activities arc outlined in specific sequences, others
are described in general tevms.

In Minnemast, tie teechar serves as & director and guide for student
learning. Accerding to developers:
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. . .the teachers should try to teach in such a way
that children determine the answers for themselves
through experimentation. . . . It is easy for a
teacher to answer a question, but very hard to give
the student some way to find an answer for himself. .

. If a teacher succeeds in the jatter, she comes
close to educating. But if she resorts to the
former, she is missing the point we are trying to
make.

Thus, teachers are expected to help studets formulate appropriate
questions and discover wavs to test hypotheses; teachers are not to
lead students to the "right" answer. The specific amount of direction
or information children will need depends upon their maturity, ability,
and prior experience.

3.2 Typical Lesson

Unit 12, Measurement with Reference Units, is designed to be used
by first grade students. Developars suggest that this unit be taught
daily for 2% months. The unit is divided into Tour sections: measure-
ment of length, area, volume, and time. The following lesson,
Measuring Volume by Water Displacement, occurs midway in the unit. 1In

this unit and others measurement serves as the 1ink between math and
science.

The teacher begins this two-day lesson by showing the class a glass
of water and a piece of plasticine. After asking the question, "What
will happen if we put the plasticine into the water?" and eliciting the
response that the water level will rise, she drops the plasticine into
the water. Next, a studen: alters the shape of the plasticine and the
teacher again asks the class what will happen when the plasticine is
dropped into the water. the also queries, 'Will it rise the same amount
as before?". Rather than telling the children the correct answer, the
teacher asks the students to suggest an experiment to check the answer.
Experiments and reshaping of the plasticine continue until it is clear
to the children that the shape of the plasticine does not determine the
amount of water that is displaced.

The teacher then conducts two demcnstrations to iilustrate that the
volune of water displaced is the same as the volume of the plasticine.
In preparation for a fourth demonstration, the teacher fills a tall
container half full of water and marks the water level with a magic
marker or rubber band. Sne then shows :he students a dozen small
objects such as marbles, pebbles,cr washers and small glasses called
"Minneglasses" and asks, "How could we find the volume of these objects?"
and "Couid we use this water somehow?". The teacher then guides the
discussion so that children see that they can place the objects in the
water, note the new water level, and measure the amount of the increase
using the Minneglass. Next, teacher and students calibrate the iarger
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container using Minneglass units, Those calibrations can be used to
measure the volume ¢f objects.

After these devonsteabions arve completed, najrs of <tudents are
given a tray, a cylindrical container, water, a Miaaeglass, and a piece
of plasticine. The students are dircected to caiibrate the cylinders,
find th: volume of the piece of plasticine, and measure the volune of
oth=r objects. As a (Unc1ud1ng aetivity Lhe cioss discusses a Minnemast
story, 'The Cruw and tnc Pitcher®; Lhe taie illustrates how & cieaver
crow uses Cisplacement wo quench his thirst

3.3 Evaluatiorn of Studs

P ] 23 -

LS,

Minnamast dgoes not weovide tests o other instrumants specifically
designad to measure swudent parformanie.  Teachers may evaluate pupil
IroGrasy using a st of 1earn.nq obiectives contained in each unit,
Lxneriments and Jovkonsets are meant 1o altiow the child e caeck his
own development of anderstanding and skill,

3.6 LuL-0f-Clase Pieanration

The teachei 's quide for each unitc contains detailad information
and Tesson plans. 1 addition Lo veviewing this material, the teacher
may wish to read backgroond maverial Tisted in the bibiiography.

In preparation for pach 'eszon, ieachars will need to coliock,
arranje, and OYUonuéP mony materials fo" deporistration and student experi-
mentasion.  Minemast acbivitics «1so reguire that tecchers give a great
deal of thought Lo bl)fs oDlif uaqan|zacwon and geouping of students.

4. DAVEPEMENTATLON:  RUGQUIREMERYS ARD COSTS

4.1 sgnool raeliities cad sreangerients
Tha program 3 daienad Fov use in auy clesiroom in which desks and

chairs car oo noyved sooas to Tera o an open aress, and which has counters

orosnelves shepe s1eni s soperiitts cea e left betwest classes. There

should b2 sheif pane o0 socbing couipmanl.  Some scheols have Tound

TLocoavenic LoLO prosoeny Hinnéa~st wen vihere the cits for all

classas can uC ctorad ad Do et ity oisescible as needed.

40 uorticu1ar Farm ¢f schoul o cTascraom nvganization is required

For Minn@adast. it wes desigroa co o used for whole-class teaching in
whicn ali children covld o wort ing on Lhe <ome a-f1v1 ;P’ but at varying
level, of suphisticazion. ‘ot reachap whe has alveady mastered the prob-

Tain of breaking up a o tawn aeto Sroiiey zgstrautxona1 giroups can f1nd
Ainnerast a vaiueple cereiculme, iF sie picks and chooses activities she
considers appropriate.  Tha orouran i m0T aesigned oS an individualized




program or as a vehicle to assist the individualization of a classroom.
Because it was designed for whole class teaching, it may appear unattrac-
tively teacher-directive tu teachers committed to open classroom teaching.
If they can look at the substance of lessons rather than format, experi-
enced teachers may find it a rich curriculum resource since its activi-
ties for children are based in developmental learning theory.

Because the program dces differ from traditional ones and because
there are no traditional assessment instruments, administrative assistance
and support is important to the successful impiementation of the program.
Developers recommend that administrators become acquainted with the pro-
gram through observing the program in action, working with the materials,
and possibly teaching small groups of students.

Most districts have chosen to implement the program one year at a
time, beginning with kindergarten. Developers suggest that schools follow
this pattern but see little difficulty with a school introducing Minnemast
all at once in kindergarten through grade 2, and introducing third grade
materials the following year. Developers believe that students new to
a Minnemast school will have little difficulty entering the curriculum.

4.2 Student Prerequisites

Minnem.st units and activities are carefully sequenced, proceeding
from simple to complex activities. The curriculum is a spiraling one;
skills needed for activities are often presented in the early units.
Because of this organization, developers recommend that teachers follow
the prescribed order of lessons and units. Teacher notes for each unit
refer teachers to earlier lessons which are prerequisite. Teachers
whose classes are new to the program may wish to provide additional intro-
ductory activities or adapt supplemertary activities.

4.3 Teacher Prerequisites

Developers originally intended that inservice training in the Minne-
mast philosophy and mode of teaching would be an integral part of the
program. Therefore, teacher manuals spell out tin detail what teachers
should do but dc not explain why they should do it. If teachers do not
urderstand the rationale behind the program, they are likely to follow
directions unthinkingly and tne program will take un a highly teacher-
directive style entirely contrary to the developers' intent. Although
Minnemast developers conducted courses to introduce teachers to Minnemast
in the past, these efforts were curtailed because of funding shortages.
Occasionally, Minnemast staff members teach workshops on a consultant
basis. Interested groups should contact the developer. Over the years,
the National Science Foundation has also sponsored several :‘orkshops in
Minnemast across the United States. At the very least, teachers planning
to implement the program should pian to attend a course concentrating on
active-learning or math workshop styles of teaching before using the pro-
gram. Such courses are available in most colleges, extension departments,
and teachers' centers.,
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4.5 Demonstration Sites

The following is a partial 1ist of schools where Minnemast has been
used for more than one year.

Florida: - University of West Florida
Pensacola, Fla.

I1linois: Evergreen Park School District
Evergreen Park, I11, f'

Louisiana: Rapides Parish School Distr1ct
Alexandria, La.

Massachusetts: South Hadley School District
South Hadley, Mass.

Minnesota: Burnsville Public Schools
Burnsville, Minn.

Mississippi: Leflore City School District
Leflore City, Miss.

Missouri: Kirkville R-111 School District
Kirkville, Mo.

New Jersey: Newton Public Schools
Newton, N.J.

New York: Union Free School District
Oceanside, N.Y.

Texas: Keene Adventist
Keene, Tex.

Virginia: Falls Church School District
Falls Church, Va.

Washington: Edmonds School District
Lynnwood, Wash,

Wisconsin: Alverno College Elementary
Mi1waukee, Wis.
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5. PROGRAM DEVCLOPMENT AND EVALUATION

5.1 Program Developuznt

- b

In the early 1960's many educarors, scientists, aad mathematicians
began urging the deveiopmen: of elementary school curricula which would
integrate science and mathematics. Minnemast was the earliest of the
programs planned to accumplish thal purpose. In 1904 tinnemast's first
director, Paul Rosenbioom, stoted, "W are possioly the only ones
attempting a fuil-fledusa coordination of the curricatup.” Hany of
Minnemast's initiators later infiuenced the development of other math-
ematics and scienca curricula. Robert Karplus ‘oter Lthe director of
SCIS (Science Curriculum improvement Study), divected the initial stages
of tiie development oi" science units. Jasnics Werntz, Jr., professor of
physics,was directer of Minnemast from 1965 to i77Z. He later partici-
pated in the development of USMES, another combined mathematics/science
program which was developed ia respense 10 suagestiuns growing out of
the 1967 Cambridge Conierence on the Correlalion of Science and Math-
ematics in the Schooi=. (USRS is described n a saparate repert in
this book.)

“Minnemast oriainaiiy began as a mathewalics program, Minnamath, at
the University of Minnesota. In 1962 the project recaived its initial
Hational Science Foundation support: teams of more than 60 mathamaticians,
scientists, and edusateis began developing independent mathematics and
science matarials for kindergarten through sixth giade. The units were
revisad after classroem triels, and developers beyan combining the two
subjects into a cucrdinated mathematics/science series. Minnemast
developers had originaliy envisioned a comniete -6 program, but because
of funding shoriages, avvelonmeni was terninated in 1959, The task of
weaving the mathesafics v scicnce wnits together was accomplished only
through third grade bLefess funding waz discontiaued,

The project is no tinuzr active av iLhe University of Minnesota, but
a Minnemast office remare. 25 distyibuzor ¢f the waterials, and Alen
Humphreys and Thomas Foso of fae University’s depar Leent of elementary
oducation arc in Souch WiEh scneoi peopie usiag Minncuas or considering
adoption.

6.2 Develuper's Yvoiuat oo

During the course v’ #innemast development, the curriculun was
fField tested in Clusseeoms aornss the nation. The waterials were
revised oin the basis i tvawner ant ohserver comments and rasults of
student tests of «cguieition Ui reckain skills,

Data op studcit wor oo wen: of seleclod a; itaretic achievemeny tests
were collected. but a Tiial renary was not prepared Similurly, a sum=
mative evaluation of che corvictluy coula rov be completed because of
the premature ferminaticn of the projaet,
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Developers note that they continue to receive orders for replace=-
ment or implementation materials. This continuing interest in Minnemast
is impressive when one considers that because of its incomplete status,
Minnemast was never commercially published as were other major science
projects of its era (Science--A Process Approach, Elementary Science
Study, SCIS). The Minnemast Center at the University of Minnesota con-
tinued to distribute all printed materials but entered into contracts
with various distributors to market the classroom kits and manipulatives.
Difficulty in assembling materials from three different suppliers was
for several years a handicap to implementation., In spite of this draw~
back and regardless of the fact that the program has never received

commercial promotion, developers say it continues to sell by word of
mouth,

5.3 Project Funding

Minnemast received funding from the National Science Foundation from
1962-69. Supplementary support was given by the Louis W. and Maud Hill
Family Foundation of St. Paul, The School Mathematics Study Group, The
U.S. Office of Education, and the National. Institute of Health. The

project uses money from the sale of materials to support program dissem-
ination.

5.4 Project Staff

The project was initiated by Professor Paul C. Rosenbloom of the
University of Minnesota. Dr. James Werntz, Jr., professor of physics,
University of Minnesota, was director from 1965-72. The program is
presently directed by Alan Humphreys, associate professor of elementary
education,
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INTRGUUCTION

Ty o g [ 1oy . PETEY .. - it . . P S
Faoed with the chwilonge:  "Pind q way v desdgm or mave chaiges
. e

- I . - . 1 . ‘17 Y N -
D talrgs thst o wse or wear ao that chey will be a good Fiv M oone
g .. o . .. ST v e . PR | aa i v o.f A+ b
USMES (D0 ed duience arl Muthema:los oo Elementary Sehools) cleth-

desidad b2 legign und make canp2iioy aprons which sludents
soul ! wear whiic they woriaed in theiv selio:l's wopkshop,  Smzll qrowps
ot ohildoen polled riner stwlents in che azhool to gather 3uggestions
for appun Jesign, coilosted apvropriate measurements, yrapheu the m-a-
cupoment Gy, and doedded on five apvon sizce.  The 2luse iewn set sutb
w0 neoduse e apeone; Shey purchased the vesessary mateéritls wad divided
the produztion toake amsing growpe of students.  kren the aprong were coms
rnlzted, the elacs neld g apoaor sale and sold mora Lhan 67 aprons.

Throughout the unit, students practiced or learned new -kiils in
math, science, social studies, and language arts. In planniny the
design and construction of the aprons the students used sampling, mea-
surement, and computational skills. Development and solutior of their
specific problem, making the aprons, raquired that students use scientific
inquiry methods. Social studies concepts were practiced as the class
worked in groups, disseminated information,and considered individual
differences and similarities; during group reports students improved
language arts skiiis.

Developers expact thst each class uszing an USMES unit will approach
that "rhallenge” in « diiferent manner; for instance, one class built
comfortable chairs in conjunction with the unit described above. Because
activities differ according to student choice, different classes are
expected to learn different things. What 2all children are expected to
laarn from YSMES chaiienges is the process of organizing their thoughts and
perconal and material resources, and the processes of tracking down infor-
mation and learniny thne sk1lls peeded to accomplish a practical objective.

USMES is a subplewentary oroyran weaving together elementary math,
science, languade arts, aid social stuaies by posing challenges to a
class to solve leng-range problems abcut their scnocl, neighborhood, or
classroom. The challenges are intended to be strongly motivating to
children by emphasizing chiidren's choices, to provide concrete examples
of abstract conceots in rath and science, and to give children experience
in the objective, practica! approach necded for real-l1ife decision making.

The first challenge: were suggested in the report ot the 1967
Cambridge Conference on tha Correlation of Science and Mathematics 1in
the schools. Those chel’enyzs were deveicped and added to by professors




and teachers who had attended the conference, and in 1970 they became
the nucleus of a development project funded by the National Science

Foundation at the Education Development Center (EDC) in Newton,
Massachusetts. .

The materials for each unit are records of the ways that widely
varying groups of students responded as they investigated the same
challenge, and of the skills they learned. Units include teachers'
journals detailing ways they adapted challenges to suit class environ-
ment, interests, and learning needs. Twelve units are available in 1974,
7 are being classroom tested, and about 10 more ideas are being considered
for development during 1974-75. In all, developers at EDC plan to com-
plete 32 units by 1978.
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BASIC INFORMATION,

Program name: Unified Science and Mathematics for Elementary Schools
%USMES)

Formai: Independent teaching units integrating mathematics, physical
science, language arts, and social studies, and posing real-life
problems (called “challenges") for the class to solve.

Uniquercss: Long-term problems involving the whole class in adult-style

research and development; individual students pursue investigative
and decision-making tasks.

Content: Problem statements or “challenges” involving interdisciplinary
work in mathematics, science, language arts, and social studies.
Every class's work is different because it is shaped by the distinct
interests and needs of the individual school environment.

Sugawsted uee: Developers reconsiend that one-fourth to one-third of
the total school proaram be devoted to work on USMES. Units are
designed to complemert and enrich, not replace, the regular math,
science, language arts, and social studies curricula.

Target wwlience:; Students of all socioeconomic, cultural, and intellec-
tual backgrounds in kindergarten through eighth grade.

Length of use: Usually 45-60 hours for three to eight months for each
unit.

Aidz Fop teccheis :ni avidints:

Teacher's Resource Book for each urit--background materials, discus-
sions of classroom manageient, and descriptions of activities which
previous classes have undertaken.

"How To" cards--short seq.ences of directed-learning task cards for
students to use when they need a particular skill in order to work
on a chailenge

The USMES Guide--a program overview for long-range planning.
Design Lab--a workshop, provided by the school, where students and
teachers make the equipment they need for researching and solving
challenyges.

Design l.ab Manual--describes Lab specifications and place of Lab in
total school proyram.




Background Papers--background information for teachers on a variety
of topics that may arise during the course of a unit.

Sate of publication: Twelve units published by EDC in 1974; 17 more in
testing or development stages. [Materials mentioned in this report
are available from the developer. Interested schools are urged to
contact the developer before using the units, because USMES should
be used only in conjunction with workshops designed to introduce
teachers and administrators to the required teaching approach.

Director/Developer: Earle L. Lomon, Professor of Physics, Massachusetts
Institute of Technology. Education Development Center, 55 Chapel
St.. Newton, Mass. 02160.

ublicher: Unified Science and Mathematics for Elementary School Project,
Education Development Center, 55 Chapel St., Newton, Mass. 02160.
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1. GOALS AND RATIONALE

1.1 Goals

USMES grew out of resolutions adopted at the 1967 Cambridge Con-
ference on the Correlation of Science and Mathematics in the Schools,
a gathering of scientists, mathematicians, and educators believing that
in our technological society even ordinary citizens need the kind of
schooling that will result in scientific understanding: "not so much
the mastery of techniques, which rapidly become outmoded, but the ability
and habit of thinking through specific problems.”

USMES designers aim to convince students of the usefulness of science
and mathematics in our society by irvolving them in research and develop-
ment projects which require the use of math, science, social science, and
language arts skills. Casting these academic subjects in practical
cituations meaningful to children is done not just to build skills more
efficiently, but more importantly to give practice in responsible, self-
determined .- of skills. Cecisions which adults have to make require
the ability to understand a situation--to observe, organize, quantify,
predict, and control, Acguiring tihese abiiities and being able to apply
them thoughtfully are the deeper purposes of the USMES program.

: carle Lomon, director of the USMES development group, states that
emphasis on real-life problems not only draws social studies and language
into the math and science learning, but also conveys to children the
self-respect that comes from vorking on matters that have importance for
adults as well as for children. Lomon wants children to have experience
changing a bit of their society because he believes in this way they will
gain confidence in the nalitical process. Lomon explains:

There are important subjects--things kids can do some-
thing about, car act on dirertly. This type of experi-
ence provides them with actsal political experience.

It involves them with adults and with adult problems

in a way that directly prepares them for being adults
in this society. . . . We're rot putting out kits or
units of "magic materiale"; rather we're raising vital
problems and trying to find out what kids can do with
tham. . . . We consider the unit a success only if it
1eads many students to pursue the problens vrtil some
considerable progress has been made toward its solution.*

*nTess otherwise indicated, all guotations are drawn from materials
jssued by the developer or from conversations with the developer,
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The program is or?anized to require group work on prcblems rather
than individual investigations, so that children will get experience
in planning, working, commuricating, and decision making in groups--
other essential skills for political maturity.

Since USMES differs from traditional textkook learning, it usually
requires a change in teachiny style. The developers say that they con-
sider the project's effect on teaching style as important as the develop-
ment of new units; much of the staff's energy has gone into organizing
pre- and inservice teacher training. Developers anticipate that teachers
who use USMES will become so adept at working with students on problem-
solving experiences that they will Le able to create their own USMLS-
type projects.

1.2 Rationale

The rationale for teaching children problem solving through math-
ematics and science grows out of a belief that children learn through
experience, and that they will learn far more from a real experience
than from a contrived one. USMES developers see four important educa-
tional advantages to basing USMES units on real-life problem-solving
activities. First, motivation is provided by a student's expectation
of bringing about a change that will be useful to him and his school,
He can be proud of his accomplishments, and more importantly, he will
qrow to appreciate the power of applied intelligence.

. .Science and mathematics thinking has [an] immediate
payoff, especially for the elementary school student. . .
a'child can make his own observations and organize them,
then make his own predictions and check them. Thus he
can directly appreciate the power of the scientific style
of thought. In mathematics, a child can be led to see for
himself how focus on esser.tial concepts can make hard
problens easy and bring seemingly impossible problems
within range. . . . This mcans that science and mathematics
. . .are ideal! vehicles for the primary messa?e of our
educational process: Thinking is worthwhile.

Second, high stindards for a student's work come out of his own
need for success and correctness in order to attain a goal important
to him.

Third, a problem-solving approach requires that the problem (or
"challenge") be analyzed by the students themselves so that they can
decide which aspects of the problem they need to investigate. The
developers believe that one of the most useful skills students--and
adults--can learn is where to begin to tackle a problem.

Finally, problems leading to real projects do not have artificial
data or requirements, nor are they overly simplified. As they work on
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real problems, therefore, students are more likelﬁ to develop all the
aspects of good problem solving. The developers have identified these
as: obgervation, quantification, aimplification of the problem, applying
Judgrment, forrmlation and trial of successiie models for charge, acquiei-
tion of needed ekills, and development of a eritical faculty. Unlike
science and mathematics programs in which each unit centers on one basic
concept, USMES units are based on problem-solving work that requires the
student to learn many skills and concepts as he works toward a solution.

In most instances the student is expected to learn through observing
the results of his own and classmates' experiences. Students are encour-
aged to work things out for themselves cooperatively and to learn from
needs they discover as they proceed toward solutions of the problems.
Thus the USMES view of discovery learning is in between "guided dis-
covery," in which everything the student is supposed to discover has
been planted in the activities ahead of time by the teacher or the
materials (1ike a treasure hunt), and "messing about" in which no culmin-
ating concept or "light-bulb" experience is required to flow out of the
random activity. To the extent that students accept a challenge and
with help from the teacher pursue its solution, developers expect students
to gain in responsibility for their own learning. They should also
begin to sense their potential as learners and their own power to affect
their social environment.

2. CONTENT AND MATERIALS

2.1 Content Focus

A11 USMES units focus primarily on the processes included in prob-
lem solving. The learning experience always includes the steps of

- deeiding to aseek a solution, evolving a set of plans, carrying out

gpecific tasks, analyzing rzsults, and recommending chunges OF producing
new products. .

The USMES units emphasize:

observing

data gathering

hypothesizing

interviewing

designing and building test apparatus
controlling variables

statistical analysis

recording data accurately and efficiently
making and disseminating products
testing procedures

writing evaluations

improving small-group dynamics
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In order to pursue these activities, the students must blend concepts,
skills, and knowledge from mathematics, natural and social science, and
language arts. Developers caution, however, that the curriculum is
intended to be supplementary; students cannot learn everything they need
to know through USMES:

USUES, or a similar program, can enrich each subject

area and therefore can be allotted time normally given

to each part of the school program. On the other hand,
it will not fulfill every cognitive and affective need;
learning ic best attained through a mixture of modes

and strategies. Furthermore, the openness of USMES
activities implies that other more structured programs
may be needed to fill in gaps, or teach the more formal
aspects of the disciplines which are within the cognitive
range of children in grades 1-8.

The developers emphasize that an USMES unit takes a differeat direc-
tion and shape in every classroom in which it is used--the unit becomes
unique to that class. However, because the units which are available
for use in schools have grown out of many ciassroom experiences with the
same topic, the developers predict the subjects and skills which students
can learn as they work on the unit. Each Teacher's Resource Book con-
tains an index of the activities that may be undertz“en. For instance,
in the Lunch Line Unit (used successfully in grades 2-v), this index
includes counting, timing, and graphing activities; organization of
groups and discussion of tasks; making scale drawings and models;
studying nutrition; making lunchroom posters and slogans; writing, admin-
istering, and reporting on questionnaires, interviews, and surveys; dis-
cussion and presentation of recommended improvements; and trial of recom-
mended improvements.

Each of the units integrates aspects of mathematics with social
science, physical science, and language arts. The unit, Play Area
Design, for example, might inciude activities from physics (mass and
springs, pendulums, friction and stress, centrifugal force); biology and
ecology {(animals and plants to be displaced or included in the new envi-
ronment, exercise and human health, drainage); matnematics (computation,
geometry, cost analysis, scale models and mapping); community relations;
economics; geography; child develupment; population; land use; and what-
ever clse is needed to develop a local solution to the challenge of
designing a playground. In general, units contain abundant opportunities
£oi mathematical, language arts, social and physical science activities.
There are fewer opportunities for :xperiences in the biological sciences
in the units currently available for classroom use. However, three new
units now in development (School Zoo, Nature Trails, and Growing Plants)
emphasize biology.
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2.2 Content and Organization of the Curriculum

The curriculum consists of units that are organized around a prob-
lem (called a "challenge") for students to solve. The twelve units that
are ready for classroom use are described below. Developers do not
specify particular grade levels for each of the units. They say that
teachers should review the units and then decide how to adapt them to
fit their particular group of students. '

1. Pedestrian Crosaings (The challenge is, “Recommend and try to have
a change made which would improve the safety and convenience of a
pedestrian crossing near you.  school.")

One of a series of units originally suggested at the 1967 Cambridge
Conference on the Correlation of Science and Mathematics in the
Schools. Children collect a great deal of data under aifferent con-
ditions, make comparisons, draw conclusions, and recommend improve-
ments. They may decide to design and carry out a field investigation
to measure the performance of various pedestrian crossings under
different types of control.

2. Deseribing People ("Find out what is the best information to put in
a description so that a person can be quickly and easily identified.")

Student's own concern for self-identification is extended into a
broader search for a systematic way to identify a person by recog-
nizing certain physica% characteristics. For ins:ance, what kinds
of information are the most efficient for finding one person in a
crowded lunchroom? Primary classes have been especially interested
in this problem.

3. Burglar Alamm Design ("Build a burglar alarm which will give adequate
warning.")

A practical design problem which requires the exploration of many
different concepts in electricity. Students learn about basic
circuit components and characteristics from the Elementary Science
Study (ESS) unit, “Batteries and Bulbs," or by working through the
USMES "How To" cards including: "How to Make Simple Electric Cir-
cuits," "How to Check a Circuit by Tracing the Path of the Electric-
ity," “How to Make Good Electrical Connections," "How to Find Out
What Things to Use in an Electric Circuit,” and "How to Make a
Battery Holder and Bulb Socket."

4. Dice Design ("Construct practical shapes which can be used as dice
to make a fair decision between two or among four. . .choices.")

Design activities, primarily in spatial geometry, blended with testing
activities including probability and statistics. Understanding of

functions and graphing are needed to solve the problem of whether a
student-constructed shape is o "fair" die,
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Each Teacher's Resource Book contains descriptions of available
Background Papers written by USMES staff, consultants, and teachers.
Teachers use these to understand basic concepts and to organize .
materials as they make decisions about how to proceed with the unit.
The Background Papers also suggest additional experiences or explain
in detail activities recommended in the Teacher Logs. Descriptions
of the following Background Papers are included in the Dice Design
Resource Book: Fair and Regular Polyhedra, Making Polyhedra, Solids
Made of Equilateral Triangles, The Five Regular colids, Semi-reqular .
Solids, Mass Production of Equilateral Triangles and Squares, Thumb-
tack Experiments (probability), Coin Games (ranges and probability),
and Geometric Comparison of Ratios.

runch Linee ("Recommend and try to hava changes made which would
improve the service in your Tunchroom. ")

Students are motivated by their own daily lunchroom experiences and
by the possibility of real changes in a school service coming out
of their efforts. They make detailed observations of the present
conditions in the lunchroom; then hypothesize and test improvements
in the problem areas (serving arrangements, change-meking, garbage
collection, traffic flow, table arrangement, milk distribution,
noise, dismissal -zhedules, etc.).

Soft Drink Design (“Invent a new soft drink which would be popular
and produced at a low cost.")

Students may start with opinion polls to determine favorite -rinks,
or they may conduct blindfold-tasting tests to explore taste factors.
The information from these factor analyses is combined in the inven-
tion of a new soft drink. Aspects of the problem which often arise
are three-dimensional data representation, random sampling, ecology,
nutrition, advertising and consumer attitudes, production proredures,
and market research.

Jesigning for Hwman Proportiung ("Find a way to design or make
changgs in things that you use or wear s that they will be a good
fit."

Possible class challenges: "Design chairs which would be comfortable
for students in your class. Determine how many sizes of Design Lab
aprons should be made for students in your school for comfort and
reasonable cost."

This unit grew out of activities that originated in classes devel-
oping the Describing People Unit. Students first use their own body
measurement data to devise a measuring system, includina a set of
standard sizes for each age group. Instruments suitable for making
different body measurenents are designed and constructed in a school
workshop.
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Anaiysis of the date detercines how many £1zes are needed; considera-
tion of the trade-off ci cost for comfort is an important aspect of
this decision. TIn <ome cl:.ses this work has led into investigation
of rates of growtn. It is hoped thet the students will carry out
their projects to the peint of actual construction of furniture and
clothing, making successive irprovenents and refinements over a
period of trials. Follow-up activities mignt include studies on
production and marketing, origin and conservation of raw materials,
home and schco! daesign, or consumer res@arch on other items,

ey Avgae neln e, et B {"Determine which brand of a pro-
duct is tihe best buy focr a certain puroose.”}

Which tape sticks the best and lasts the Tongest for tre price?
Wnich paper towelling is the best for a combination of wiping and
absorbing? ihich pencils should the schoc!l buy? Often the work
begins with investigations of claims made on TV comne~cials. The
balance of qua'ity =2, price that is acczptable tc the custumer is
tested. Students exchaage ideas about whicn factors are relevant,
suitability of tests, vic. Socioeconomic questions arise from com-
parative shopping (costs in :different neighborhoods, taste prefer-
ences).  Students may cecide to design and produce a better product
of their own, c-oduce ads and commerciais.

W gshew Dwedios are ("Iiat will tlie weather be this afternoon. . .
tomorrow? Find out what infornatic: helps ycu most in accurately

predicting the veather.”)

Students investigate .eather conditions and the effect that they
have on p2ople's lives. Some students may build weatner instru-
ments; others mdy -heck pasi recorcs or develop ways to record
current data. Correlation of cbservations with predictions should
begin early in the i, GStudents iray wish to issue forecasts or
hold competitions to preairt the weather for a special event.

Ziay Arew Tee on oo ("%ezommend and try to have changes made
which would imprave the desici or use of your school’s play area.")

Students tickie pruvieas of pleyg-uund inprovemenis or er..ansion.
Small groups mosu. s e area cord ecuipient, survey st'..ents in the
school to determine 1. jrotp necls, visit other pla: areas, make
scale drawings cr construch models, und investigate t.e financial
aspects of th: proticr. Afier the problem has been fully investi-
gated, recommendationc are made U9 the 5chool administrationy if
possible, actual improvarents are made in the play area.

Toa e Mo MMPengenend and try te heve a new road design or a
system for rerouting traftic .ccepted so that cars and trucks can
move safely st a «zasonanle speed tnrougn a busy intersection near
your schoul.”)




Students investigate traffic patterns at a nearby intersection.
After determining factors such as speed of cars, adherence to
traffic regulations, and length of entrance and exit lanes, the

students design a new system, taking into account safety, cost,
and minimum use of land,

12, Electromagne!ic Devize Design ("Design a good electromagnet for a
specific purpose.")

Frequently this unit is used in conjunction with the Burglar Alarm
Unit since an electromagnet is a way for students to make a signal
operate in a second circuit when the first circuit i3 broken. During
the unit children investigate the variables affecting the strength
of the electromagnet as they search for a way to build a strong or
lightweight electromagnet. :

The following seven units underwent classroom development durin?
1973-74, During the 1974-75 school year they will undergo trial impie-
mentation.

1. Bicycele Trancportation: While attempting to make cycling a conve-
nient and safe way to travel, students investigate safe routes or
plan new ones, set un a safety course, or develop security arrange-
ments for bicycle parcking.

2. Ways to Learn: Students investigate individual variables in rates
and styles of learning.

3. (lassroom Deaign: Students determine what factors in their class-
room environment are conducive or detrimental to learning and recom-
mend changes to the teacher and school administrators.

4. ‘anufacturing: Students wre.tle with decisions any small scale
entrepreneur might face: what to produce, what method is best,
how cost should be determined, and how the item should be marketed.
Students might consider candles, skate scooters, electric games,
bookends, etc.

5. Sehool Zoo: Students keep records, make cages, measure food and
water consumption, etc., for classroom pets.

6. Orientation: How can students make the transition to a new school
or community easier for a newcomer? Children conduct surveys to
discover what problems exist, collect information newcomers may
need, and provide services to help new arrivals.

7. Advertising: Students investigate the best ways to advertise a pro-
duct or idea and conduct surveys and experiments to determine the
effectiveness of the different approaches. Students might launch
an advertising campaign in conjunction with another USMES unit (for
example, Manufacturing or Soft Drink Design).
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Ten additional topics Jeusign Lik Deaign, Finling Yowr Way, Mass
Aedia, Batwre lprils, Evicrga, Trowing Plante, Games for Indoor Rec.-8s,
Cancol Auler and Decleion Mking, Jluscroom danagement, and Recyelirg
plus <hool Supplies/Seiosl Jiore are being considered for development
during the 1974-75 school year. Those units which are adopted will be
field tested in 1975-76.

2.3 Materials Provided

Student. The project director has commented:

We're not putting out kits or units of magic materials;
rather we're raising problems and trying to find out
what kids can really do. It's very important that the
curriculum be orcn in how the kids actually follow
their o~ lead, and we give themn no equipment kits,
just a Design Lab that is a general shop plus some
measuring and testing equipment and the “How To" cards
to help when they get stuck. Our purpose is to keep
the learning environment really their own.

mis 7" cards are short sets of instructicns to help students
solve problems that may arise during the course of a unit; they are
the only written materials which USMES nas developed for students.
USMES staff cautions that the cards should not be used as a sequence
or set of programmed "task" cards; they should not be introduced at the
ctart of the unit or outside the context of the student's coen investi-
gation of a practical problem, Earle Lomon points out that the cards
are +c: for use to motivate bored children {"Why don't you try this?"),
but only when a child .sxs for them ("I'm stuck, and I need to know
‘how to'. . . .").

Teacher. USHES teacher materials consist of the USMES Guide,
Teacher's Resource Books, 2 Drsign Lab Manual, and Background Papers.

e Uive susde is an overview of the proaram; developers suggest
that it be used for long-ranqe USMES-centered curriculum planning. To
relate USMES units to elements of the regular classroom curriculum,
developers nava preparad charts which delineate major activities 1in
LSMES units and show skills, processes, and concepts which are emphasized
:n the units. The Guide also contains basic information about each of
the unts, the Design Lab, a 1ist of "How To" cards, and an annotated
list of the available Background Papers.

Every USMES unit has its own 7cushan's Recource Book which contains
all the materials needed for beyinning a class project on the challenge
cosed by the unit. Twc or three logs are included, made by teachers whose
classes pursued the challenge. These logs are anecdotal, detailed,
journal-like descriptions of a class's work on the unit. A1l the activi-
ties undertaken are deccribed, including student work, teacher prepara-
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tion and suggestions, and problems which aros~. Many actual examples
of student work are included. The logs are . e heart of the USMES
materials. For those unable to attend a teacher's workshop or visit an
USMES classroom, reading the logs is the best way to understand the
flavor and scope of the program. Teacher Resource Books also contain

a descripticn of USMES philosophy and approach, information about the
unit, references to materials relevant to the unit, and charts which
indicate the skills, concepts, and processes that students have learned
and practiced in USMES.

The Design Lab Manual includes information about cost, scheduling,
safety, staffing, training, and an inventory of tools and supplies for a
classroom or school workshop in which children can make equipment to
pursue their chaiicnge.

The 3ackground Papers provide information for teachers on a variety
cf topics that might arise during the course of an USMES unit. Some of
the Papers available in connection with one unit, Pedestrian Crossings,
are: “"Traffic Flow at Pedestrian Crossings," "Notes on the Use of
Histograms for Pedestrian Crossings Problem," "Notes on Data Handling,"
and "Using Scatter Graphs to Spot Trends."

2.4 Materials Not Provided

Dasign Lab. The Design Lab may take many forms; it may be a corner
of a classroom, a movable cart, or a separate classroom containing tools
and macerials used for constriu:tion and testing. Developers describe
the Lab as a place where "A student is free to build his own apparatus
according to his own theories, making whatever mistakes he is bound to

gake, and benefiting from t'.use mistakes, thereby arriving at improved
esigns.”

Although some USMES activities can be conducted successfully with-
out a Design Lab, a comprehensive program requires one, Cost and
staffing of the Design Lab (both borne by the school) are discussed in
Section 4. A complete inventory of suggested tools and supplies can be
found in the Design Lab Manual and in the USMES Guide. A1l are available
from department, hardware, electronic, stationery stores, and lumber yards.

3. CLASSROOM ACTICN

3.1 Teaching-Learning Strategy

USMES requires an active-learning approach; the student gains
information and skills through a wide variety of activities which he
chooses to do in order tc solve the long-range, practical problems posed
by USMES units. The teacher suggests, coordinates, and extends these
activities for individual students, for small groups, and for the class
as a whole.
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USMES is intended to be a supplementary curriculum; students are
not expected to cover certain subject matter in a specified amoi:nt of
time. Developers suggest that USMES sessions be held at least 2 or 3
times a week for a tutal of 45-60 hours over a 3- to 8-munth perioc
However, some classes may spend an entire year on one unit, Because
there are no set deadiines for completion of a unit, te2achers can afford
to let students make mistakes. This freedom to make mistakes allows
students to fully investigate a problem and to iearn through trial of
various solutions. Developers assume that taachers will cover skills
and concepts not learned through USMES during cther parts of the day.

The specific learning experiences which occur as a class works on
a unit will obviously differ from student to student and class to cless.
The Teacher's Resource Book offers suggestions on several ways to
approach a single unit as well as detailed Teacher Logs describing how
di{ferent classes pursued challenges. The flow chart on the following
page suggest- some activities which might take place in the classroom.

Obviouslv, USHES activities require that the teacher be skillful
in classroom management, USMES publications describe these additional
teacher responsibilities:

1. Introduce the challenie in a meaningful way that not
only allews the children to relate it to their particular
situation but also opens up yeneral avenues of approach.

2. Act as a coordinator and collaborator. Assist, not direct,
individuals or groups of studenis as they investigate
different aspects of tnhe problem,

3. Hold YSMES sessions at least two or three times a week so
that the children have a chance to become involved in the
challenge and carry out in-depth investigations.

4. Provide the tools and suppiins tecessary for initial hands-
on work in the classroom or make arrangements for the
children to work in the Design Lab.

&, Be patient in letting the children mnake their own mistakes
and find their uwn way. ONffer assistance or point out
sources of heip vor specific information, such as the "How
To" cards, only vhen a child reaches the point of frustra-
tion in his approach to the problem,

6. Provide frequent opportunities for group reports and
student exchanges of ideas in class discussions. In most
cases, students wiil, by their c¢ritical examination of
procedures, imgrove or set new irections in their
investinations.




3, FLOW CHART

Yedestrian Crossings

Challenge: Recommend and try to have a change made which would improve the
- safety and convenience of a pedestrian crossing near your school.,

Main Class Discussion: Are nearby crossings safe? Do you have
Activities: to wait too long? Are traffic controls needed?

Observation of coatrolled & uncontrolled
pedestrian crossings.

Class Discussion: Report on observations: list hazards,
controls., Measurements needed to study possible improvements.

Design & construction ¢ e Classroom simulation of

of measuring instfrments. —$ measuring activities.
Collection of daja at intersectionms,

Speed of cars Timing Counting

(distance, time). (crossing times, (rate of flow
‘ gap times). of traffic)

Class Discussion: Conclusions that can ve drawn from
measurements, graphs, accuracy of data, correlation of
data, new data needed. Recommendation for contrS;.

Preparation of ‘___,Collection of new Construction of Production of
bar graphs, line ===)and di fferent data. scale layouts, filmg. Other
graphs, histo- traffic signals, activities.
grams. etc.

Class Discusaion: Final recommendation(s) for improvement.
Plans for class report on findings.

Tryout of suggest?d improvement. Rerort writing§
| [ \
¥ ‘
Optional USMES wunit: Alternative trans- ‘Btudy of costs
Follow=up Traffic Flow. portation methods, of controls
Activities: city economics.
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7. If necessar%. ask appropriate questions to stimulate the
student's thinking so that he will increase the depth of
his investigations or analysis of data.

During the teacher's informal conversations with students, she
identifies the inadequacies in experience and concept that are hampering
progress and suggests an activity leading to needed skills, facts, or
ideas. Through observation, listening, and auestioning, she assesses
the student's absorption of the work into his total experience. US.i.S
requires teachers with belief and experience in this manner of working
with children. '

Although students may spend most of their time working individually
or in pairs or small groups, the fac. that the whole class is engaged
in working together on the same unit makes it necessary for them to plan
together, to discuss what they're finding, and to take into account and
learn from each other's experience. USMES encourages students to teach
and help one another. ‘The student is also seen as a self-teacher because
at each step he is encouraged to decide what work he wants to do and
to carry it out himself with the support of his classmates, his teacher,
and the Design Lab ccordinator.

3.2 Typical Work an a Unit

Following is a description of student activities, many of which are
represented on the flow chart in the preceding section.

Challenge: Recom...d and try to have a change made which
would improve the safety and convenience of a
pedestrian crossing near your school.

One sixth grade teacher initiated this unit with a discussion of
routes students took to get to school, and what problems they had
crossing strects. Singling out a nearby crossing that did not have a
signal light, the class came up with factors which made crossing diffi-
cult. With the goal of determining how to make the crossing safe, the
entire class initially visited the crossing and made maps of the inter-
section. Then, one group spent about three weeks making a scale model
of the area. In order to accomplish this they used information from
"How To" cards on scaling, measured the crossing, drew a blueprint, and,
finally made the model in the Design Lab from Tri-wall and papier mache.
(Individual children next decided to make their own models. The group
that made the original model taught other students scaling procejures.
These students used the information to build small reproductions of
the original model.)

During the model-building, four small groups were going to the
intersection once a day for about 45 minutes to measure gap times
between cars traveling through the intersection. Two groups recorded
information on cars going in one direction, two groups did the same for
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cars traveling the other way. After subtracting arrival times to get
aap times, students tallied up times, and made bar graphs. The four
groups then reported to the class that 70 percent of the gap times were
less than five seconds. This information led them to realize that the
crossing could be considered safe only if it took people less than five
seconds to cross. The four groups next timed students as they crossed
and discovered that the average crossing time was eight and one-third
seconds. Another group timed the signal 1ight at another nearby inter-
section to determine the amount of time allowed for crossing.

While at the intersection. children discovered that many cars did
not signal before turning. Another group was formed to record the number
of cars that signaled compared to the number that did not. Data collected
over a five-day period showed that 41 percent of the cars did not signal.
The children drew and held "Please use your blinkers" signs at the inter-
section and reported to the class that their three-day investigation
showed that 95 percent of the drivers signalea when the signs were held.
A school safety officer was invited to attend a class presentation in
which students used graphs, maps, and the scale model to present their
findings and recommendations.

For the next several months the class continued working on the unit.
They wrote letters to the state traffic department, constructed traffic
l1ights, made trundle wheels, compared crossing times at four different
places, and made a video tape and scale modeis of first graders and cars
as a part of a traffic safety program they developed for primary students.
As a final project the students investigated school driveway and parking
area problems and made recommendations to the principal.

3.3 Evaluation of Students

The evaluation of students working on an USMES unit is done by the
teacher. The developers give no specific guidelines for evaluation

because they believe that the work in each class will be different, that

what each student will learn ‘rom his work will be different, and that
each teacher should be free to approach the work in any way that will

be beneficial to the students. As the teacher diagnoses what skills and
in Jrmation a child needs to proceed with what he wants to accomplish,
she is evaluating as well. As she helps students prepare reports she
will recognize what they have and have not learned.

Teacher Resource Books for each unit contain exanples of the
developer's conception of good class work and 1ists of concepts and skills
used in each major activity; additional charts relate activities to
subject matter. Although developers emphasize that each student and
class will pursue each unit in a different manner, these charts can be
used as general checklists to aid the teacher in student evaluation.

The students themselves become evaluators ot their own progress in this
program; they decide what they need tc learn in order to accompiish a

specific goal, and if they do not learn it, they are unable to proceed.

3
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3.4 Qut-of-Class Preparation

Prior to beginning a unit the teacher must read the materials which
the developers provide. These include a Teacher's Resource Book, "How
To" cards, the USMES Guide, and Background Papers. She must consider
how her own class will approach the challenge, what skills they will
need to develop, the local factors which will affect the solutions
children try, etc. Also sine must work out with the Design Lab manager

the procedures and likely wmaterials her students will need in the
following months.

3.5 Role of Other Classroom Personiel

No assistant teachers or aides are required for the classroom man-
agement of an USMES unit, but they might be very helpful. The Design
Lab manager (who might be the classroom teacher, another school or
district staff member, or a community volunteer) is & very important
person in the successful use of an USMES unit. His or her role is
essentially that of a teacher; he must help students figure out (not
tell them) what materials and equipment they will need. Students may
need a variety of things, including measuring equipment (for example,
trundle wheels for measuring crosswalks), or ways to represent data
(making scale models), or devices to construct (various polyhedra for
the Dice Design Unit). The Design Lab manager must share the USMES
learning philosophy and must be especially sensitive to helping students
learn to be responsible for their own learning. The USMES Guide explains
the manager's role:

The Design Lab manager or teacher provides an open
atmosphere for the students. They are not forced
into preconceived avenues of endeaver, which might
preclude the exploration of their own ideas. Experi-
ence in the Desiyn Lab should be rewarding and mean-
<ngful to the student and help him learn to be inven-
tive, to be scientifically curious, and to work with
others.

A. IMPLEMENTAT:ON: REQUIREMENTS AND COSTS

4.1 School facilities and Ari-angements

Because JSMES integrates inany subject arcas and because it requires
an active-learning approach, it demands a greater change in the school
environment than a more traditional program would.

. .it is not the relativeiy simple matter of taking

out ar old curricutum in one or more subject areas
and replacing it with USMES. Rather, there is a need
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to rethink the whole pregram, deciding how to combine
USMES with other curricula to enhance the effective-

ness of all components. . . .The payoff can, however,

be very large; instead of merely improving pieces of

the curriculum, there is the opportunity to fundamentally
alter and improve the educational system. . . .

USMES may be used in a variety of classroom arrangements. While
it is suitable for traditionally graded, self-contained classrooms or
homogeneous grouping, it is also an excellent supplementary or "core"
curriculum for nongraded, individualized aroups, for "family" or
"vertical" classes, or for other forms of flexible and heterogeneous group-
ings. Because each challenge contains many different aspects, which
can be approached on different levels, the terms of a single challenge
can be made suitable for children of different preparation and ages.

While specific scheduling is left up to the individual teacher or
school, the developers recommend that about one-fourth to one-third of
the total schoc program be devoted to work on USMES. Each challenge
is designed to represent from 45 to 60 hours over a 3- to 8-month period.
Teachers may choose to have students work on a single challenge before
moving to a new one or on a number of related challenges at one time.

Full implementation of USMES requires installation of a Design Lab
(see Section 2.4). The Lab may occupy one corner of a classroom, be a
movable cart, or a full-scale shop in a separate classroom. Optimally,
a full- or half-time staff person or volunteer is useful to operate the
Lab, but it can be handled by the regular classroom teacher.

For some of the units (for example, Pedestrian Crossings, Traffic
Interchange, Play Area Design, and Yeather Prediction), students need
to gather data out-of-doors or of. school arounds. Adequate provisions
must be made for safety, supervision, and transportation.

Because USMES differs from traditionil programs, it is difficult
for one teacher to implement alone; adminiztrative support is almost
always necessary. Developers note:

. .except in rare cases the teacher still! needs the
support of the administration., This is especially
important in USMES because the activities cf students
range beyond the classroom and need to be coordinated
from grade to grade.

Although many teachers with sufficient classroom
autonomy have very successfully used USMES when no
one else in the school was involved, the rooperation
of the nrincipal and district administrators is needed
to have an USMES program broadly implemented in a

209




school or a district. The principal is the key element
in reassuring teachers that USMLS is an integral part
of the school program and can be used on an everyday
basis. He is responsible for providing space for a
Design Lab and arrarying for its management. Arrange-
ments among teachers and aides to logistically support
the activities of the students in and cut of the class-
rooii and Design Lab need his approval and possibly his
initiative. Layiny out a coordinated long-range program
for the introduction of USMES at all grade levels needs
the kind of planning and information handling that the
principal is in the best position to provide.

4.2 Student Prerequisites

Developers say tnat "a sufficient background for USMES units is
much less than that required in the more traditional educational context
in which the student is expected to proceed rapidly along a predetermined
route. . .the [USMES] student may. . .acquire the skills and concepts
when needed in his search for some solution to the problem." The
following is a list of prerequisite skills which appears in the Teacher's
Resource Book for the Pedestrian Crossings unit.

1. Students who can count can make a start on the quantita-
tive aspects of the unit. Graphing skills may be learned
as tne need for them arises.

~n

Measurement skills may be learned as each new activity
is begun, and improved when additional or new data
are required.

3. An ability to divide by small one-digit numbers is
sufficient for making calculations for scale diagrams.
Young children can convert their measurements to
"blocks" on graph paper.

4. Sets of data can be compared graphically and by sub-
tracting medians (halfway values) and ranges; the
calculation of averages is not necessary.

USMES activities are designed to help children learn and practice
greater self-direction. However, in classes where students do not
already possess some self-control, or where teachers do not have experi-
ence engaging students in open-education type activities, organizing
students for USMES activities may be difficult.

4.3 Teacher Prerequisites

Providing an environment where students can explore and seek their
own solutions to relevant problems may be a big order for most teachers.
USHMES developers, realizing that their program demands a change in both
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teacher and student behavior, suggest that teachers attend a workshop
before implementing the program. USMES developers offer summer "Resource
Personnel Workshops" to train district personnel, who in turn train
local teachers in USMES implementation. Participating districts must
agree to provide release time for teacher training and meetings during
‘the year, Design Lab space, materials, and staff. USMES furnishes a
‘complete set of written materials; audio recordings and slides are
available on a rental or purchase basis. Districts differ in the ways
that they choose to train teachers and to implemaent the program; inser-
vice course length varies from several weeks to a semester, District
personnel are trained to conduct workshops aimed at giving teachers both
experience working with units and an understanding of the teacher's role
in USMES. During the courses, teachers work on adult challenges such

as designing ways to improve the teachers' lounge, auditorium, or office.
The workshop staff models the teacher's role in USMES, while teachers
e«perience for themselves the ways tneir students will approach unit
activities. Although a short period of time is spent discussing USMES
mode of teaching and learning, participants are expected to gain this
understanding through their work on the adult challenge or, whenever
possible, through working with children on small segments of several
USMES units.

Teachers whe trial-test USMES units attend 8-10 workshops taught
by USMES staff. Travel and subsistence expenses for participants who
attend mcre than one workshop are covered by the project. In addition,
trial-test teachers are given a complete set of written materials and
a 25-dollar petty cash fund for materials not found in the Design Lab.
Teachers are required to try out the challenges in their school to agree
+n have observers visit their class, and to write reports on their
students' work. School administrators are required to permit teachers
to spend at least three hours a week on USMES and to provide a Design
Lab.

USMES preservice courses have been offered since 1971; inservice
courses sirce 1972. Up to the spring of 1974 nearly 20 colleges,
scattered around the United States, had offered USMES-related courses.
Developers paint out that the number of cuileges affering USMES courses
is constantly increasing; an additional 26 institutions have submitted
proposals to NSF, requesting consideration for USMES inplementation
funding.

4.4 Background and Training of Other Classroom Personnel

The Design Lab manager must be able toplan with the USMES teachers
so that the Lab is stocked with materials appropriate to the units
being used and so that the ideas the students explore in the Lab are
fully integrated with classroom work. He or she needs to have a sound
knowledge of mechanics, carpentry, and design and an imaginative,
problem-solving approach to setting up and running the Lab. Essentially
the Lab manager is a coordinator who organizes and facilitates students'
activities.
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USMES recommends that Lab managers participate in a five-day
training workshop held concurrently with a workshop for teachers. How-
ever, because managers are often not appointed until after the school
year begins, they may be unable to attend summer workshops. Developers
therefore su?gest that teachers be trained as Design Lab managers so

that they will be able either to handle the Lab themselves or to train
others, either district personnel or community volunteers, to do this
important job.
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Many different arrangements have been made for providing materials
and staff in USMES Design Labs. Some districts have small workshop
areas in each classroom; others have set aside a separate room. Since
some USMES activities can be successfully completed without a Lab, some
teachers have begun the program using only classroom facilities and
materials. Labs have been run with no budget; tools were donated and
the materials scrounged. Some have been funded from federal aid pro-
grams, or privately funded by local citizen groups or merchants., Lab
managers have included assistant superintendents, vice-principals,
parents, janitors, science specialists, or retired people who were
hired by the school district. In some schools volunteers--usually
retired men, parents, and community workers--manage the Lab.

Thus, cost of the Design Lab will differ from school to school.
USMES developers say that in the first year of operation, the Lab usually
costs between $850 and $1,000. The cost of replacement of consumable
supplies usually runs $200-$300 for each succeeding year. When teachers

or volunteers do not serve as rat manager, the salary of a half-to-full-
time manager must be budgeted.

4.6 Demonstratior Schools

Persons interested in seeing schools where USMES is being used
should contact Christopher Hale at Unified Science and Mathematics for

Elementary Schools Project, Education Development Center, 55 Chapel St.,
Newton, Mass. 02160. (617) 969-7100,

There are demonstration and field test sites in:

California: Ca?ﬁel, Ca.
Los Gatos, Ca.
Marina, Ca.
Monterey, Ca.
Colorado: Boulder, Colo.
Georgia: Athens, Ga.
[Mlinois: Chicago, I11.
Urbana, I11.
Iowa: Iowa City, Iowa
Massachusetts: Arlington, Mass.

Boston, Mass.
Lexington, Mass.
Watertown, Mass.
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Michigan: East Lansing, Mich.
Eaton Rapids, Mich,
Howell, Mich.
Jkenwos, Mich.
Lansing, iich.

Minnesota: Minneapolis, Minn,
Owatonna, Minn,

New Hampshire: Durham, N.H.
Epsom, N.H.

New Jersey: Plainfield, H.J.

Soutn Carolina: Charleston, S.C.

District of
Columbia: Washington, D.C.

4.7 Community Relations

Because USMES challenges involve work toward practical solutions
to real problems, students often have active contact with the outside
community. Usually this happens when tney write letters or ask informed
persons for information or techniques they need to collect and/or assess
data. In every case, the response from communities has been favorable,
even eager. Parcnts and neighbors have been approving and interested in
their children's attempts to solve traffic safety problems, to conduct
consumer research, and to design their own tools and equipment. Hany
schools have had parents and neighbors volunteer time, skills, and
materials to classrooms using USMES. The teacher and principal using
USMES materials must help children develop tact and awareness of the
way decisions in the school and community are made, as they present
their solutions and requests to the people empowered to carry them out.

The developers have prepared materials for school or district pre-
sentations to community groups and parents. Meeting logs explain how

these groups have participated in short experiences to acquaint them
with USMES. ‘

5. PROGKAM DEVELOPMENT AND EVALUATION

5.1 Program Deyelopment

At the 1967 Cambridye Conference on the Correlation of Science and
Mathematics in the Schools a group of 30 scientists and mathematicians
defined educational goals and discussed the implementation of an inte-
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grated mathematics, science, and social studies curriculum for elementary
school students. USMES grew directly from suggestions recorded in the
report of the conference: .zils [0 sue Jossalation of Eoementary Setence
and Mathemztizs (Houghton Mifflin Company, Boston, Mass., 1969)., In a
series of meetings over the next two years several pcople who had attended
the conference or were stimulated by its report sharpened the USMES phi-
losophy and goals and planned the activities to be undertaken in the

first 18 months of development. They added appendices to the "idea"
material of the Goals report and tried out soiwe of the ideas in a few
classrooms. Their proposal was backed by EJC, and ir January 1970 it

was funded by the Natiocnal Science Foundation.

USMES staff members carry out the directives of a group of more
than 30 advisors; 19 of these advisors form a planning committee which
meets two or three times a year. Suggestions from the 1967 conference
¢nd from planning committec meetings, or those made by teachers and
students, may become the basis tor new units. Usually the suggestion
is in the form of a general challenge (for example: “Design, or re-
design, a playground for your school.") that includes both general ques-
tions ("Where? Cost? Number of users? Ten years from now?") and specific
questions (“What equipment? Location of objects? Use by age level?
Effect on anima! and plant ecology of the area?"). CLarle Lomon commented
on this process:

We, as a staff, or the Planning Committee come up with
lots of ideas (for example, land use for parking, loca-
tion of new schools in the community, prevention of
molds, water pollution), but for an idea to be considered
at all it must contain a strong challenge, and students
in the development classrooms must find 1t exciting and
important to work on. Aiso, it must contain opportuni-
ties for a large variety of research activities.

The proposed challenge is explored by teachers, students, and USMES
staff and consultants at a two-week summer workshop. Then trial-test
teachers develop the challeny:s with students in their own classrooms
durin? the following school year. These teachers write reports and
keep logs of each class meeting. A paid observer also attends the
class frequently and takes notes. An USMES consultant may work in the
classiroom from time to time. The following sumner, or in some cases,
after two years of trial, the unit is tentatively adopted or dropped on
the basis of its success in at least ten classrooms of varied socioeconomic
backgrounds and locations. 1f a unit is tentatively adopted, a complete
Teacher's Rasource Book, primarily made up of class notes from teachers
and students who have been working with tne unit, is compiled. Sets of
"How To" cards are written as they are needed during classroom trials
and are revised whenever the content or wording is found to be unsatis-
factory. Some students have enjoyed vditinyg their own sets of cards
for specific needs that came up during their work. Development of this
kind has taken place with teachers and students in schools throughout




the United States. A new unit is then field tested and evaluated during
use by a new set of teachers during the next school year. Constant
re-evaluation and direction comes frow tne planning committee meetings.

Twelve units have been completed and are available for classroom
use. An additional 7 unitc underwent classroom development during 1973-
74; 10 more are being considered for development during 1974-75, In all,
the developers plan to complete 32 units by 1978,

5.2 Developer's tvaluation

Developers and many users of USMES are convinced that students
learn more from the USMES style curriculum than they would from a more
traditional one. Their contention, however, is difficult to prove. An
USMES evaluator notes, "It is very difficult ic find evaluation instru-
ments that really do justice to the type of things that children iearn
in USMES. Everyone involved in open education is struggling with what
type of program evaluation to use.” Since 1971 USMES evaluators have
attempted to <ind solutions--tests and observation instruments that will
effectively measure student jains. To date, the evaluation has been
done in three parts: achievement tests, problem-solving tests, and
classroom observation. Two sub-tests of the Stanford Achicvemeri Tests
of Avithmeticul Jomputation and Reading Comprehersion (paragraph meaning)
are given students in experimental and control classrooms. The purpose
of giving these tests is to show that the students spending time working
on USMES gain as much in mathematics and reading as students involved
in more traditional modes of instruction.

Two Boston University professors, Bernard Shapiro and Mary Shann,
working with University personnel, have come up with three problem-
3:lving teste. In the Notebook Problem Test, individual children are
asked to decide which of three notebooks the school principal should
order for student vse. A Jroup of five students is challenged to design
a playground on an open piece of land in the Play Area Design Problem.
The Picnic Test i5 a third test which asks students to make plans for a
class outing.

The Boston University evaluators have also devised a classroom
cbeeroition acale to record the type of activities taking place in USMES
and control classrooms. Tneir findings help to shed light on ditferent
organizational patterns and interactions which might evolve because of
YSMES.

In addition to these evaluation instruments, there is program moni-
toring by observers who are present in classrooms in which a unit is
being developed (during the first year) or field tested (during the
second year). Too, evaluators interview a sampling of teachers, prin-
cipals, administrators, and resource team leaders in participating
districts. Finally, teachers involved in program development are paid
to fill out a report on each ciass session devoted to USMES work and a




BEST COPY AVAILABLE

monthly report on the overail activities related to the unit. The
Yeacher Logs included in the Teacher's Resource Book for each unit are
compiled from these various repurts, Developers use information from
thes. observations and interviews to revise the units and teacher-
training strategies.

5.3 Evaluation Results

What have Boston University's studies shown? Do USMES students
perform better on achievement tests than non-USMES students? Are they
more creative problem solvers? Do they interact differently with other
students and the teacher in classroom situations?

Data gathered from Stanford Achievement feats of Arithmetioal Com-
putation and Reuding Uomprehensic: administered to students in 23 experi-
mental and 23 control classrooms during the 1972-73 school year indicate,
"There was no consistent evidence that exposure to USMES either facilitated
or impeded growth in the basic skills of reading and arithmetic; comparison
of USMES with non-USMES samples vielded no strong trend in favor of either
group." Developers explain that these findings 1llustrate that students
are able to learn the probler:-solving process while absorbing basic facts,
skills, and concepts of math and reading as quickly as students who are
not involved in USMES. They cauiion, however, that the results are not
conclusive because of the small sampic size. Additional data were collected
during the 1973-74 school year, but have not yet been analyzed.

* USMES developers are also encouraged by the results of the Notebook
Problem Test,

Children were asked to examine three different spiral-
pound notebooks (differing in dimension, number of

pages, quality of paper, number of lines per page,

price, and so on) and recommend which should be ordered
in quantity for student use. Normal classroom tools

sucit as pencils, pens, rulers, and erasers vere made
available to the children to use during their investiga-
tion. In the pretest there were no discernible differences
between the USMES and the control classes on the two
dimensions analyzed: a) whether -ny of the reasons given
for the choice was based on facters that were measurable
within the test situation, and b) whether the choice

was based on personal opinion, a suggested test, or a
performed test. In the posttest however, every USMES
class altered its scores to reflect a) predominantly
quantifiable reasons for the choice, and b) higher

levels of proof involving suggested or performed tests.

One USMES staff manber comented that "there were all sorts of problems
with the methodology," and ore would anticipate difficulties in measuring
USMES problem-solving type learning; but the results are nevertheless
impressive because they overwhelmingly favor the USMES group.
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The evaluators came up with some interesting findings concerning
students behavior in USMES classes compared to non-USMES classes. These
findings are based on data ccllected dtiring the 1972-73 schonl year by
trained observers using a specially designed inturaction scale. A
summary of their conclusions from the USMES Guide states:

In general, USMEIS classes were found to Le involved in
whola group activities as often as the control classes,
but students in USMES classes were much more likely to

be involved in small group work (hile students in the
control classes were more likely to be working individu-
ally. There was also some evidence that USMES classes
changed structure (e.g., whole group work to small group
work to whole group) more orten during the one hour
observation period than the control ciasses. While both
the USMES and the controi classes utilized large group
instruction to much the saiie extent, the kinds of inter-
actions differed from the two kinds of classes. Students
in the USMES classes contributed new ideas much more
often than students in ccentrol classes. On the other
hand, student verbalizations in control classes took the
form of answers to specific questions posed by the teacher
or random comments much more often than in USMES classes.
In addition, there was somewnat more debating and arguing
points in USMES classes. There were no clear-cut
differences between USMES and control classes on the
number of times students reiterated ideas or made pre-
sentations to the whole class. When the classes were
involved in small group work, the USMES classes were
characterized by much more child-child interaction

while the control classes were characterized by much more
child-teacher interaction.

Teacher's Logs, anecdotal summaries of teachers' experiences with
USMES, are included in the unit materials. These logs are a valuable
resource for those who wish to conduct their own subjective evaluation
of USMES.

5.4 Independent Analyses of the Proyram

Davelopers are unaware o7 any independent analyses of the program.
However, several participating districts ar2 currently discussing ways
to include an assessment of the effect of USMES on student learning in
their ongoing evaluation programs. USMES staff may aid in these efforts.

5.5 Project Funding

The Netional 3cience Foundation has funded the entire USMES progranm.
USMES 1s a working project of Education Development Center, Newton,
Massachusetts. The dcvelopers expect to continue development of USMES




units under NSF funding through 1978, Where USMES workshops have been
held in connection with preservice courses (as at California State

College in Bakersfield) or inservice courses (as in the Lansing,

Michigan, School District) part or most of the cost has been the responsi-
bility of the college or school district involved,

5.6 Project Staff

Project Director, Earle Lomon, professor of physics, Massachusetts
Institute of Technology. Other key personnel include: Christopher Hale,
Project Manager; Betty Beck, Associate Director for Development: Thomas
Brown, Associate Director for Implementation; Charles Donahoe, Design Lab
Coordinator; Carolyn Arbetter, Editor for Implementation/Evaluation; and
Ray Brady, Editor for Development.
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FOOTNOTES

1. Cambridge Conference on the Correlation of Science and Mathematics
in the Schools. Goals for the Correlation of Elementary Sclence and
Mathematics. Boston, Mass.: Houghton Mifflin Company, 1969, p. 6.
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INTRODUCTION

Onoe there was a ywmmy place to live called the Land
of Nibble. In the Land uf Nibble everything cculd be
nibbled on. The candy-cane tree had delicious pepper-
mint canee. The ice-cream bush had 93 different
flavors. The lollipop forest contained yummy all-month
suckers. There s a giant cupcake on top of a roek,
but only the bravest people got to taste it. Popsicle
Creek flowed through the Land of Nibble. . . . One duy
Martin the Mongtrous Munch took a walk. He had a huge
appetite and wanted to eat everything in sight. Hie
friend the Pifj'le Bird took a walk too. You can tell
where each one went and what he ate by looking carefully
at thz tracke.*

Pollowing the instructions in the Developing ‘‘athematical Processes
(DMP) Guide for Level 2, the teacher has read this story to a small group
of students who have, according to the DMP asaessment inventory, mastered
the necessary prercquicites for thie lesson'a objectives--to choose
pointe and construct a path between them. The teacher showe how to draw
the two paths on the mape in the students' workbooke. Ae this group
completes this assignment one by one, the teacher or classroom aide may
teach another group of children working on a different lesson.

DMP is a new program being developed by the Wisconsin Research and
Development Center as the matnematics component of Individually Guided
Education (IGE). The latter is a total system of education; along with
its curricular components, it includes an organizational plan for re-
arranging a scheal from self-cc.*ained, graded classrooms into clusters
of multiage-grouped children and several staff members with roles
ranging from master teacher to student teachers and aides. IGE is an
attempt to combine several reforms: nongraded classes, individualized
instruction, team teaching, "accountability," and shared decision making
among a differentiated staff and administrators. Similarly, DMP com-
bines several reforms: a developmental theoretical base, active-
learning methods, objectives-based curriculum structure, and an indiv-
idualized diagnostic/prescriptive system,

*A1T quotations are from materials issued by the developers or from
conversations with developers or teachers.
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Teachers introducing DMP in an IGE school are expected to receive
a great deal of implementation support from the program developers and
from district administration. Developers say the progran works just
as well in non-1GE schools, provided that teachers veceive inservice
training, additional staff, and strong administrative backing.

Without such preparation and support a teacher mav find the program
unusually demanding of time and energy and perhaps amb.juous because of
emphases on both developmental learning theory and objectives-based
lessons. Developers comment that most non-IGE teachers with traditional
teaching styles implement the program slowly, accepting one part at
first (for example, the manipulative materials) and gradually adding
other aspects. The complete program at any one level may take two to
three years to implement fully. Teachers with successful experience
in active-learning math and/or open-classroom teaching may have cvolved
their own ways of structuring the classroom and curiiculum to respond
to varied student needs and thus may find DMP confining.
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e reras . Develuping Mathematical Processes (OMP)

Yoesasy Uevelopmentad Edition s composed of eight tevels for use in
kindergarten tivrougn sixth grade. Number of Tevels may differ in
tha comrercial edition,

clneenaure UMP owas ceveloped s the mathematics component of the [4GE
systen for nongraded schools. 1t incorperates both a sequencing of
pehovioral objecvives and an active-learning approach. Manipulatives
are an integral part of the prrogram. DMP stresses student assessment
ang geouping for individuaiizing of instruction,

cavrer: Computation, geometry, probability, and statistics: all based
on measuremnent .

aggettad arc: Comniete kindergorten through sixth grade curriculium,

Tap e audicnze:  Students of all abilities, grades K-6. Although the
program vas developad tor use in conjunction w':h JGE, 1t is suitable
for seli~-centained cliassrooms.

Leneih of wse:  Uaily usa for at least one and one-half hours per week
for students in their firsc year of school and two and one-half hours
per week in later years.

aids for toazhers ond sielstr: Teachers reciive une or two guides for
each level, and @ package of materials including gauwe bLouards, game
directions, story and picture cards, asses:inent materials, and an
cnswer book. Student materials includz consunable wor kbooks, non-
consumable texthuiks for Level 5 and above, test buoklets, and a
classroom kit of manipulatives.

Jute of wublicotion:  Levels K-2, 1974, Levels 3-4 are due to be
publishad ty September 1975: Levels -6 hy september 1976.

Shpeccop/Uas oo e divcoasin Research and Deveiopment Center for
Coynitive Lesrning., The Univercity of Wisconsin, 1404 Regent St.,
Madinon, Wis. So7dn.  {908) zE2-4901,

il Sebees Rand MeHally end Company, OMP Project Cusiomer Service,
P, 0. Box 7600, Chicago, 11,  $0630.




1. GOALS AND RATIONALE

1.1 Goals

OMP developers expect that graduates of their K-6 mathematics pro-
gram will have a command and understanding of the reievance of matn,
that they will be able to perceive, pose, and s0lve mathematical prob-
lems based on relationships and patterns among nbiects and pnenomena in
their environment--and that they will have fun doing it. Developers
anticipate that experience working with concrate objects and with math-
ematical processes in DMP will prepare students to work abstractly, to
"examine, identify the structural properties and relationships, and
lcyically validate mathematizal assertions."

Developers see their progran differing from traditional programs
in three major ways: the entire program, including not oniy arithmetic,
but also geometry, probability, and statistics, is based on measurement;
students are involved in "active" learning; and the teacher role is
altered to stress student assessment and classroom organization for
individualizing Tearning,

The program interds to allow for individual orograss by means of
a scheme of objectives-based lessons and competercy tests t¢ insure that
each child moves at his own pace and does not attempt new work until he
has mastered its prerequisite. OMP attempts to combine an active-learning
approach with this individualization system. (The rationale underlying
active learning is discussed in the Nuffield and Madison Project reports
in this book, and the rationale for cbjectives-based individualization
is presented briefiy in the IPI report.) The developers claim, "Not
until OMP has a serious effort been made to incorporate this [active]
learning approach in a carafully seauencead, complete program of math-
ematics instruction."

1.2 Rationale

DMP developers accept the rationale that children should encounter
mathematics not as a collection of facts ana rules but as a system which
people use to solve real problems. f[heir brochure announces, ". . .Chil-
dren have for tuo long accepted irath as an isolated subject unrelated to
other aspects of their iives. . . . The program [DMP] helps the child
understand at the outset that mathematics and the application of math-
ematical concepts have relevance both to his own environment and to
his everyday life."

They chose to center the program arcund measurement because it
provides relevant, everyday math activities for children. But they also
believe a measurement approach is sound mathematically. They use measure-
ment as the means for having children investigate the attributes of
objects. “ ey present measurament c¢3s the praciical guise i1n which chil-




dren can apply basic thinking processes: describing and classifying,
comparing an¢ ordering, equalizing, joining and separating, and grouping
and partitioning. These processes underlie the concepts and skills of
the math curriculum in the DMP rationale.

Following Piaget, DMP designers deem experiences with concrete
manipulative objects essential for building children's conceptual under-
standing of math, but they decry the haphazard use of math workshop
materials. Carefully chosen manipulatives, used in etructured activities,
based on developmental theories are required, they say:

DMP's activity approach to math is rather different
from that usually found in traditional classrooms.
It should be clear, too, that activity-centered math
is not turning children loose to riot; nor is it
hit-or-miss random learning, with a haphazardly con-
ducted instructional program. In fact, just the
opposite is true. DMP's activities are organized
and sequenced with great care, so that skills needed
at a certain point have already been mastered in
prior activities.

The centrality of the developer-designed structure differentiates
DMP from some other programs (for instance, the Nuffield and Madison
Projects) following an active-learning approach, which calls for the
teacher to shape and pace lessons using the curriculum only as a guide.
DMP uses only those math workshop materials specified in the curriculum
and uses them only to teach specific behavioral objectives. The same
manipulatives are used repeatedly so that mastery can be developed
gradually, but also so that "fooling-around time" is greatly reduced.
Other developmental programs advise teachers to provide children with
a great variety of naturalistic but mathematically rich materials and
to encourage children to explore them freely, following explorations
with generalizations and skill learning. OMP designers believe that
teachers need the security provided by explicit directions as to
diagnosis and prescription, and detailed lesson construction, in order
to make experience with materials result in demonstrable skills and
sound ideas.

The commitment to teacher security and to "accountability" (which
is a hallmark of IGE) appears to be the source of DMP's reliance on
behavioral objectives. Writing such "competency-based" goals for
instruction in advance, as measures of student and teacher performance,
does not necessarily connote belief in behaviorist learning theory.
Behavioral statements can be seen simply as ways to make learning goals
clear and public. In practice, however, behavioral objectives do tend
to shape and pace a program in advance. They may pose questions for
thoughtful teachers as to how to reconcile the need to respond to
children's idiosyncratic, developing learning with the need to meet
present objectives.
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2. CONTENT AND MATERIALS

2.1 Content Focus

Developin] Mathematical Processes is to be ¢ complete mathanatics
program for kindergarten through sixth grade. The developmental edition
contains books for eight levels. Although the cevelopers advocate
flexibility in assigning levels to specific grades, there is an approxi-
mate correlation: Level 1 is for kindergarten; Level 2 and part of
Level 3--first grade; part of Level 3 and all of Level 4--second grade;
Level 5--third grade; Level 6--fourth grade; Level 7--fifth grade; and
Level 8--sixth grade.

A major deviation from standard programs is that in the early grades
the concepts of number and mathematical sentences are presented as ways
to represent measurement situations. Thus equals ("=") is used to repre-
sent "weighs the same as," "is the same height as," "has the same area
as," "holds the same amount as," in addition to the usual interpretation,
“is the same number as." Consequently, although the content is primarily
arithmetic, there is an unusually heavy emphasis on measurement, with
both metric and English units being used. There is also some geometry
at each level, and statistical procedures are introduced for grades 4
through 6. Developers specifically rejected set theory, believing it
inappropriate for young children, and preferring the concept of measure-
ment as a basis for arithmetic. y

Physical objects are used to introduce new topics (for instance,
a balance for equality and inequality, shapes for angle nieasurement, and
toothpicks and rubber bands for place value). Children are trained to
use the objects as models for the mathematical topics. In addition to
physical objects, poems and stories are used to introduce concepts and
to pose problems. Developers valued the topics presented in previous
active-learning curricula, but sought to develop the basic ideas in
greater detail.

OMP presents problem solving in mathematics as the application of
basic thinking processes to attributes of objects. The basic processes,
adapted from those conceived by the Science--A Process Approach program,
are describing and classifying, comparing and ordering, equalizing,
joining and separating, and grouping and partitioning. The process of
desepibing and -lussifying 15 teught throughout the curriculum in activi-
ties 1ike counting, describing shapes, using units to measure weight,
describing location by coordinates, using fractions to describe areas,
organizing data by means of a graph, interpreting two-thirds as two
divided by three, and using negative nuinbers to represent movements.
Comparing and ordzring are applied to attributes of length, time, weight,
capacity, area, angles, whole numbers, fractions. and decimals.
E-malizing is the process of adding or subtracting pairs of weights,
lengths, and numbers. In geometry, arcas and angles ave Jjoin..( and




separated; the arithmetic operations of addition and subtraction are
taught as abstractions of the same processes. Similarly, the operations
of multiplication and division are symbolic representations of the pro-
cess of grouping and partitioning.

Two other processes in the program, representation and validation,
are special processes which aid problem solving in conjunction with the
basic ones. Representation is tie process by which concrete attributes
are expressed gradually in more abstract ways. Thus, the attribute of
length can first be represented physically by a piece of string, pic-
torially by a graph, and finally symbolically using units such as
centimeters. A1l of the attributes and processes are first introduced
concretely through physical representation, then through pictorial
representation, and finally symbolically. DMP stresses that children
should validate their statements; in particular, they should validate
arithmetic solutions.

2.2 Content and Organization of the Subdivisions

Each of the 8 levels is divided into topics (there are 96 topics
in the Developmental Edition--the number may vary in the final edition).
The 11 topics which comprise Level 2, Developmental Edition, are listed
below with a sumary of the content in each topic:

TOPIC 2.1 TWO-DIMENSIONAL SHAPE

The child learns to describe anc classify regions
(including faces of solids) on the attribute of
shape.

TOPIC 2.2 COMPARING AND ORDERING ON WEIGHT

The child directly compares and orders real objects
on weight using a balance beam.

TOPIC 2.3 WRITING NUMBERS

The child learns to write the numbers 0-10 and
practices writing them in a variety of situations.

TOPIC 2.4 COMPARING AND ORDERING EVENTS ON TIME

The child compares and orders events on time of
duration and time of occurrence.

TOPIC 2.5 ASSIGNING MEASUREMENTS

The child uses arbitrary units to represent lengths
or weights of objects and he assigns a number and
unit. Then he compares and orders objects using
thesc measurements.



TOPIC 2.6  PATHS

The child describes cleosed paths {n terms of number
and leagth of sides (triangle, rectangle, and square).
He 1s introduced to the geoboard as a simple way to
make paths.

TOPIC 2.7 COMPARISON SENTENCES

The relationship between two sets or two objects
{on a given attribute) is represinted by a gsen-
tence involving = or ¢ (for cxample: 5 ¢ 7, 6 » 6,
A # B). The process of validatiny is introduced.

TOPIC 2.8 COMPARING AND ORDERING ON CAPACITY

The child directly compares and orders the capac~
ities of various containers by pouring from one
to another. Also he learns to represent the ca-
pacity of a given container with arbitrary units
and he assigns a measurement.

TOPIC 2.9  ORDER SENTENCES

The relationship between two scts or two objects
(on a given attribute) is examined further. low
the child not only decides if the two are equal,
but also, if they are not equal, he decides which
is larger and writes an order sentenze (for ex-
auple: 5 <7, 6 =06, A™>8)., The child also
learns to validate given order scntences.

TOPIC 2.10 MOVEMENT AND DIRECTION

Simple maps are examined here. The children follow
sinple oral or written directions involving move-
mant on a given path or between given points.

They also learn to glve such directicus,

TOPIC 2.11 THE NUMBERS 0-20

The numbers 11-20 are introduced as representing
the numerousness of sets of that many members.

The children learn to recognize and to write these
nurbers and to count such sets. The numbers 0-10
are reviewed.

Within each topic are several "activities" designed to teach specific
behavioral objectives. (Additional activities within the topic are
designed to review previously learned skills and to prepare for future
topics.) As an example, the behavioral objectives for Topic 2.9 are:

1. Given an order sentence, reads it. (reads order sentence)

2. Given two objects or sets, chooses an appropriate order
sentence. (chooses order sentence)




LEVEL

3. Given two objects or sets, writes an appropriate order
sentence. (writes order sentence)

4. Given an order sentence, validates it physically or
pictorially. (validates order sentence)

[Bg ]

Given an open order sentence, completes it. (completes
open order sentence)

There are 14 “activities," or daily lessons, under this topic. Six of
the activities are classified as regular, 3 activities are optional, and
5 serve as alternative ways to teach 2 lessons. Each activity is
explained to the teacher in terms of the materials needed, vocabulary

to be intPoduced, behavioral objectives to bHe reinforced, the type or
classroom organization required for each sequence within the activity,
and teacher preparation.

The program specifies the order in which topics are to be taught.
There is some choice the teacher can make regarding order; for instance,
in most cases the geometry topics are independent of the arithmetical
ones. Al children in the class cover the same content; however,
optional and alternative activities are included. The teacher can use
these optional activities instead of regular ones if she thinks then
preferable for the whole class.

The chart below shows the suggested sequencing for Level 2. If
one topic is to the left of another and an arrow connects them, then
mastery of the objectives under the left-most topic is prerequisite to
the mastery of those under the one on the right.

TOPIC SEQUENCE CHART

gevantry
2.6
tine

2.0

waipht

2.8
Ve Lapacity

aritheetic
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Activities within topics are also carefully sequenced, as this
diagram illustrates:

P‘l_‘f

#: an activity that
contains one ¢or
more additional
suggestions for
your use

R: aon activity that
reviews an objec~
tir: listed in &
previous topic

Developers explain:

Activities at a lower level on the diagram are usually
prerequisite to those at a higher level. If there is
only one activity at a level, all children working on
"the o jectives should engage in that activity. If
there is more than one, they are alternate activities
and you may choose to do either or both.

2.3 Materials Provided

Student. There are several consumable notebooks for each level,
as well as nonconsumable student textbooks for Level 5 and above. Con-
sumable student test booklets include a Placement Inventory for each
level and Topic Inventories for each topic within a level. A class-
room materiaf; kit containing mostlv nonconsumable items is also avail-
able. Items include: adding machine tape, balance beams, counting
chips, blank dice, geoboards, rubber bands, toothpicks, Unifex cubes,
and washers.




Teacher. The Teachers' Guide is thought by ti.e developers to be
the most important piece of material in the package. There 15 one guide
and sometimes two for each level. The guides contain both assessment
and activity suggestions as well as sequencing options. In addition to
the guide, the teacher gets a package of materials including game boards,
game directions, cards for station activities, story cards, and picture
cards. The package also contains assassment materials. An answer book
to students' workbooks is available.

2.4 Materials Not Provided

A great number of physical mat:rials which teachers may or may not
have in the classroom are not included but are needed for many activities.
These materials include: buckets, cups, funnels, play money, rice,
tongue depressors, botiles, cans, tops, clay, paint, ditto masters, and
felt-tip pens.

3. CLASSROOM ACTION

3.1 Teaching-Learning Strategy

The typical OMP activity is begun by the teacher either leading
the children in a discussion or demonstrating a problem-solving strategy.
This usually takes place in a large group, though sometimes the teacher
introduces materials to smaller groups. Next the children work in
groups or individually at structured tasks, either with physical objects
or workbook pages.

The children are sometimes asked to make predictions or to invent
stories which model mathematical statements, but in general they work
at answering questions posed in the bunk in a prescribed way. Teachers
can choose to substitute optional lessons or ones they invent themselves
for regular ones, and children can choose which material they use for
validation, but most activities and materials are specified in the DMP
Teachers' Guide.

The taacher is asked to determine which children are meeting the
behavioral objectives and to provide special activities for those chil-
dren who have not yet mastered them, The objectives have been set out
by the OMP developers to move from a concrete to a symbolic level. Thus,
when a child has advanced to an objective on the symbolic level, the
teacher is instructed to discourage him from returning to physical
objects.

Developers have established a series of 24 behavioral objectives
to provide a basis on which teachers can evaluate their own performance.
(They were originally designed to evaluate the effectiveness of inser-
vice training and are included at the end of Section 5.3, Evaluation
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Results.) These objectives help illustrate some of the differences
between DMP and traditional mathematics programs. Some of the objectives
suggest the active-learning element of DMP: “The teacher moves from
group to group, acting as a resource person," “The teacher allows
students to move purposefully about the room," and "The teacher allows
students to interact verbally while working." Other objectives show

the emphasis which DMP developers place on assesement: "Using appro-
priate instruments, the teacher assesses students and completes records,"
and "The teacher states the roles of placement and topic inventories."
Too, the objectives i1lustrate the role of the teacher as manager of
individualized instruction: "On the basis of information gathered, the
teacher forms instructional groups based ¢ achievement," "When presented
with a student who has not mastered an objective, the teacher can choose
an activity that will help the student," and "When given information on
student achievement, the teacher classifies students on the basis of
prerequisite behaviors needed to start a new topic."

3.2 Typical Lesson

The objectives cf Activity 2.5.8 @, a lesson giving students practice
in comparing and ordering weight measurements by graphing, are to teach
students to represent weight physically, to assign with measurement,
and to use weight measurements to compare and order. Before the lesson
the teacher prepares a set of four cartons for each grouﬂ of four chil-
dren in the class. Each carton is filled with objects which weigh the
equivalent of one to ten small washers and each is labeled A, B, C, or D
inside of the 1id. Each group of four cartons is marked with the same
color for easy identification.

At the outset of this activity the students are divided into groups
of four; each group is given a piece of graph paper, four cartons,
crayons, a balance beam, and ten small washers. Students label columns
on the graph paper A, B, C, D. Each student weighs one carton with small
washers on the balance beam, 1ifts the 1id to view the letter, and
records the carton weight by drawing washers in the appropriate column.

©
@|®©©
QIPIPIPE

© |O|®|©

EE
1o

235




REST COPY AVAILABLE

After all groups have finished weighing their four cartons, both graphs
and cartons are traded with another group and students are instructed
to find the letter for each new carton without looking inside the 1id.
The Teachers' Guide states: "They do this by choosing one of the
cartuns, weighing it with small washers on the balance beam and then
finding the bar on the graph that corresponds to the weight of the
carton." It is unclear whetiier the teacher tells the students that
they should do this. (If she does not, there is a 1ikelihood that

- students will determine the appropriate order through alternative methods
Tike simply lifting them to determine which is heavicr.) Children
validate their own answers by 1ifting the carton 1lids.

At the conclusion of the lesson the teacher is directed to discuss
the graphs with the children. Students are to use their graphs to
answer questions such as the following: "Which carton is the heaviest?",
"Which carton is the 1ightest?", "Are any two cartons the same weight?",
“How many washers did carton A weigh?" Teachers are also instructed to
discuss ordering the weights for the cartons from heaviest to lightest
and vice versa.

The interaction afforded by group work 1s thought to be essential
by the developers. Although students do not move on to new work until
they have mastered the prerequisite skilis, DMP is not intended to be
used as a completely individualized program with each child working at
a separate pace. In at least the first year of implementation a teacher
may have difficulty managing DMP in a classroom wnere children are not
grouped according to mathematical ability because she may have to pre-
pare and teach two or more different activities every day. Where chil-
dren do differ greatly, it may be practical for the teacher to try DMP
with only cne group within the classroom.

3.3 tvaluation of Students

DMP judges student suzcess by mastery of the stated behavioral
objectives. The Teachers' Guide advises teachers to observe children's
behavior to see if they are mastering the topic objectives. Some of
the objectives are assessed solely through such classroom observations
rather than by means of paper-and-pencil tests.

Group and sometimes individually administered tests (Topic Inven-
tories) are used to assess many of the objectives, These tests are pro-
vided by DMP and closely resemble the workbook pages for the related
topic. The teacher is provided with a forin to rate each child's perfor-
mance on the topic test. The teacher indicates the number of correct
responsa2s and then refers to a chart which determines whether the child
is to receive a rating of M (mastery), P (making progress), or N (needs
considerable help) for each behavioral objective. Children are not to
proceed to a topic for which the specific objective is requisite if
they have an N rating on that objective.
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Teachers are provided with both individual progress sheets and
group record cards on which students' performance on each objective can
be recorded. In addition to the assessments for students' mastery,
Placement Inventories are provided for eich grade to determine which
Tevel students should be using and which topics they have already
mastered. Results of the Placement Inventory can be used to group

stu?ents if the teacher wants to have students working on different
topics.

3.4 Qut-of-Class Preparation

Teacher. Although teachers sometimes can choose an activity which
takes less preparation, almost every activity involves the collection
and setting out of materials; many require the preparation of special
materials. In additiun, the teacher must read and work through the
day's activity in the Teachers' Guide. Naturally the amount of prepara-
tion that is required is multiplied if the teacher has qrouped students
to be working on different topics.

Student. Student homework assignments have not been written into
the OMP program.

3.5 Role of Other Classroom Personnel

Teacher aides. Teacher aides are very important to the DMP pro-
gram; in fact they are probably essential in the first year of implementa-
tion. Not only are they needed to nelp prepare and gather materials,
but they help the teachers assess children's mastery of the objectives
by direct observation.

Advisor. Developers suggest that, whenever possible, a DMP local
coordinator be appointed to assist teachers with implementation. The
coordinator should be available to answer teacher questions, to provide
inservice training, and to give demonstration lessons. In schools using
IGE, the "unit leader" may serve as DMP coordinatnr. Developers antici-
pate that the last levels (grades 5 and 6) will be released in 1976.
Until that time, schools will not be able to implement the program at
all grade levels, and so developers suggest that districts should pro-
vide a coordinator for several years, throughout the initial adoption
period. After 1976, they say, a courdinator may only be required for
the initial implementation year.

4, TMPLEMENTATION: REQUIREMENTS AND COSTS

4.1 School Facilities and Arrangements

Most classrooms are physically suitable for DMP implementation.
It is important that there be tables or movable desks so that the children
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can work in groups with physical objects. Ample storage for the materials
is needed within the classroom.

JMP was developed as a part of IGE, a system that calls for diifer-
entiated staffiny to work with students of varying ages and abilities
and to pertorm different instructional tasks. Developers believe that
teachers adapt the program successfully for use in self-contained class-
roonis.  According to Project Coordinator James Moser, most of the
teachers who used the program in 1973-74 were not in IGE scheols.

However, succassful implementation requires that wany of the ele-
merits that are part of IGE exist in any school using OMP: the program
works best when several teachers in a school are using it, when there
is strong administrative support, teacher aides, inservice training,
alternative means of evaluating achievement, and a math coordinator.
Because the program demands a great deal of teacher time, developers also
advocate a preparation period for teachers.

4.2 Student Prerequisites

There are no special student prerequisites for DMP. Students begin
the program according to their performance on Placement Inventories. If
students within a class differ widely in ability. teachers can begin
using O4F with only one uroup of students. Student progress is guided
by assessment instruments provided to the teacher.

4.3 Teacher Prereuuisites

Althouyh no spacial subject matter background is required to teach
Dip, special training in both mathematical content and implementation of
tha program is highly recommended. It is questionable whether the
ordinary traditional tzacher can orchastrate assessments, lessons in
differentiated yroups, manipulative materials, and workbooks unless she
has had intensive inservice trairing and advisory help in the classroom.
It may be necessary fur a traditional teacher to see a master teacher
using the materials and lessons with children, in order to grasp the
developinental intent of the program. The teacher whose training and
experience are entiraly traditional may tend to focus cn the sequence
of behavioral objectives and to use the manipulatives to train for
"competency" instead of focussing on the learning eaperiences, elabo=
rated by work with apparatus, which children gradually transform into
mental concepts. The traditional teachar with insufficient inservice
might also oimit the enrichment ideas (which seem to offer the most
creative experiences to children) and require all children to do the
same lesson at the sawe time,

cavelepars themselves do not expect that most teachers will be
abl: to implement a full DOMP program during the first year, A teacher
may concantrate on making assessments of students by watching their
activities rather ti.n by tests, or on teaching to small groups during
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the first year, adding other aspects of the program later. Full imple-

mentation may take two or three years, according to Project Coordinator
Jim Moser.

Three-day inservice workshops are available for school district
personnel and college professors who have been designated as local DMP
coordinators in various parts of the United States. OMP publishers,

Rand McNally and Company, cover the costs of the inservice workshops as
well as travel expenses. The workshops prepare the local coordinators

to provide inservice for teachers. DMP is currently developing pamphlets,
films, and tapes which the coordinators can use to train local teachers.

The usual pattern of inservice training for teachers includes a
college course of varying length or two days of inservice workshops
before the school year begins. During the school year, biweekly after-
school follow-up sessions are recommended for teachers and DMP coordina-

tors . rewer sessions are recommended for the second semester of imple-
mentation. :

For information regarding coordinators and coordinator training
sessions contact: Mary Montgomery, Wisconsin Research and Development
Center for Cognitive Learning, 1025 W. Johnson St., Madison, Wis. 53706.

4.4 Background and Training of Other Classroom Personnel

Teacher aides. Teacher aides should be present at the same inser-
vice sessions as teachers. See Section 4.3.

Administration. The DMP developers recommend that principals
attend Inservice meetings with teachers. See Section 4.3.

Advisors. See Section 4.3 for inservice information for local
OMP coordinators.
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4.6 Demonstration Sites

The following is a partial 1ist of DMP users, including both IGE
and non-IGE schools.

California: Dickson School
Compton, Ca.

Stipe School
San Jose, Ca.

Highlands School
San Mateo, Ca.

Colorado: Sun Valley School
Lakewood, Colo.
Connecticut: Mi11 Road School
New Haven, Conn.
I1inois: Carrie Busey School
Champaign, I11.
Indiana: Walt Disney School
Mishawaka, Ind.
Iowa: Hoover School
Dubuque, Iowa
Maryland: Kensington School
Kensington, Md.
Nebraska: Oakdale School
Omaha, Neb.
New York: St. Mary's

Dunkirk, N.Y.

Denton Avenue School
New Hyde Park, N.Y.

Ohio: Green Valley School
: Parma, Ohio
Pennsylvania: Union Terrace School

Allentown, Pa.




5, PROGRAM DEVELOPMENT AND EVALUATION

5.1 Program Development

DMP is one component in the Individually Guided Education (IGE)
program under development since 1964 by the Wisconsin Research and
Development Center for Cognitive Learning. The Wisconsin IGE model
(there is also a similar plan called IGE disseminated by /1/D/E/A) is
a total system of education including an organizational scheme, staff
training, and curricula. The organizational plan, called "multiunit
school,” is an alternative to a school of traditional, self-contained
classrooms. Instead, students in a three- to four-year age span are
grouped in nongraded clusters of 100 to 150. Within each cluster,

8 or 9 adults ?1nc1ud1ng a lead teacher, 3 or 4 staff teachers, 1
teacher aide, 1 instructional secretary, and 1 intern) are responsible
for planning, carrying out, and evaluating each child's instructional
program. School goals are defined by an instructional improvement
committee that includes unit leaders and the buflding principal.

Although changing the school organization is the core of IGE,
Wisconsin also sees need for individualized curriculum materials. In
addition to DMP, the Center has developed a reading program to be used
as a part of IGE. The reading program is a compendium of suggestions
for teachers to use portions of other available reading programs.

At the same time as the multiunit model was being tried, researchers
at the Wisconsin R&D Center were investigating processes of instruction
in math. Finding no curricula that they deemed adequate for elementary
children, in 1ight of new knowledge about how children develop mathematical
concepts, the math research group decided to design its own program.

When the Center administration decided that its curriculum programs
should serve IGE, the math research group became an integral part of IGE.
The strategy for individualization in IGE is based on behavioral objec-
tives. The DMP staff began its curriculum design by delineating objec-
tives in mathematics and then sequencing these objectives using models
developed by other educators. In 1971, after competitive bidding, Rand
McNally was selected as publisher for DMP. Rand McNally assisted with
field testing and implementation of K-1 materials during 1971-72 in 1GE
and non-1GE schools. Natfonwide field tests were conducted in 1972-73
and 1973-74. The first K-2 commercial editions were published in 1974;
editions for grades 3 and 4 are scheduled for publication in 19755 the
5-6 editions for 1976.

5.2 Developer's Evaluation

A field test of the first two levels of DMP was conducted in 8
schools in 1971-72; 41 teachers and 1,500 students were included in the
study. Four of the schools had conventional organization and were
located in large urban areas (Milwaukee and Chicago). The other four
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schools were IGE schools in Wisconsin cities (Milwaukee, Green Bay,
Sparta, and Galesville).

"The purpose of the field test was (a) to determine the effective-
ness of the instructional program in terms of student achievement, (b)
to gauge the impact of an inservice program on teacher performance, and
(c) to document the usability of the program."

Student mastery of the DMP behavioral objectives was determined at
three times during the year. Classes were randomly selected and visited
at these times to see what proportion of students had met specific objec-
tives. This was determined by administering program tests and by the
teachers' rating of students on Topic Inventories and teacher observa-
tion schedules.

In order to evaluate the success of inservice training, teachers
were observed biweekly by coordinators, who filled in an observation
schedule at each visit. The observatfon schedule allowed developers to
rate teachers on 24 specific performance objectives. In addition,
teachers completed a questionnaire and were interviewed.

5.3 Evaluation Results

Student mastery is defined to be a rating of M (mastery) on at least
80 percent of the objectives and a rating of P (making progress) on the
rest. The table below shows the results of this evaluation:

Percentage of Students Attaining
the Specified Mastery Level*

School Type K Grade 1 Mean
Urban 82 43 63
Nonurban 75 81 78
Mean . 78 62 70

*M ratings on 80 percent of the objectives; P ratings on
the remaining objectives.

The developers attribute the relatively low levels of mastery to
the early stage of the development of instructional and assessment
materials.




Teachers were rated on 24 performance objectives, A teacher was
said to have mastered an objective if she was observed exhibiting it
75 percent of the time. - The following table shows the percent of
teachers who achieved mastery of the objectives.

DMP TEACHER PEAFURMANCE OBIRCTIVES
AND PERCENTAGE OF TEACHLR MATTERY

Objective Percentage
= seae i - .
. 1 The teacher chooses activities that help students achieve the cbjectives .92
| of DMP.
; 2 The teacher provides the printed, manip.letive, or nther materials needed 95
| foc the activity.
' 3 The teacher icentifics the problem or the cbjective of the activity, 9s
providing an approp:iate focus.
A 4 During the opening or closing of an activity, the t.acher states the 47
S relationship of the activ.ty to previous work.
“'"_,' $ During the opening of an activity. th» teacher axplains the activity 89
g’ clearly and in a well-orjanized mancer,
St 6 During the closing of an activity, the teacner displays aad discusses $0
)
) student work.
P=]
= 7 The teacher uses student ideas. 82 (95)*
2 8 The teacrc: Joes not nedatively criticize a student’s work, 87 (100)
:G 9 The teacher responds to student statements by asking for validation 63
'; or justification of the mathematical ideas cxpressed.
El 10 The teacher asks guestions and leads discuis:on, rather than lacturing. 92
o :
H 11 Given an activity that reguires students to work individually. in pairs, .9
| etc. . the teacher organizcs tne students.
: 12 The teacher moves from group tO group, acting as a resourca person. 98
! 13 The teacher allows students to move purposefully abuut the room. 95
i 14 The teacher allows students to interact verbally while working. 9
i 15 The teacher arranges furnigiings and materials as tecommended. o 95
i . 16 The teacher demonstrates mastery of the DMP objectives being studied 92
! by the students.
L_- 17 The teacher descrives the mathematical processes being used, -1}
' 18 Using appropriate instruments, the feacher assesscs students and 71 (80)
g! completes records.
=l 19 The teacher statcs the roles of placement and topic inventories. 66 (8%)
rs
S 20 On the basis of inform stion Gathered, the teacher fonns instructional 58
f_; groups basad un achievement.
21  When preseated with a student who has nnt mastered an objective, the k} ]
teacher can choose an activity that will help the s.udent
22 The teacher redirects individual students ‘vhan they finish. 18
23  When given information un student achicvement, the teacher classifies L1 ]

students on the basis of prerequisite behaviors neaded to start a8 new topic.

24 The teacher identifles the varicus cptions that are made available in each 58 (80)
topic of the Teacher's Guide.

_Mapaging lIns

* Numbers in parentheses indicate percentage of nonurban tescners where appreciably different.
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_ Evaluators conclude that the inservice training was effective in
helping teachers implement its activity approach to learning; participating
teachers reached the criterion level on 13 of the 17 objectives related
to providing instruciion (instructionai materials used by the teacher,
the teacher's verbal behavior, the classroom organization, and the
teacher's knowledge of mathematics). The program was not judged success-
ful in training teachers to manage DMP instruction to provide for indi-
vidual student differences. None of the nun-IGE teechers attained the
criterion level on objectives relating to managing instruction; IGE
teachers reached the criterion level for only 3 of the 7 objectives.
It was expected that IGE teachers would perform better than non-IGE
on these objectives both because they had received previous exposure
to use of assessment and management infermation during IGE inservice and
because they taught in schools where arrangements had been made for
student grouping. IGE teachers also did a better job of using student
ideas (Objective 7), and they criticized student contributions less fre-
quently (Objective 8) than did non-IGE teachers.

Developers caution that one should not draw definitive conclusions
from this study because of the small sample size. Information gathered
from nearly one hundred scihcols during 1973 suggests that DMP works as
well, and sometimes better, in non-1GE schools. A formal analysis of
ve data has not been published. Future evaluation plans call for com-
rirative evaluation of DMP students and those learning through other math
programs.

Data gathered from teachers,questionnaires and interviews indicate
that bot' teachers and students were enthusiastic about the program
even though "the program cannot be implemented. . .without an expendi-
ture of faculty effort and staff resources which goes beyond the con-
ventional elementary mathematics program."

5.4 Independent Analyses of the Program

No independent review exists of the DMP program at this time.
Observation of several classroom teachers who were trying OMP for the
first time, and who were receiving no in-school advisory help, led
observers to speculate that in order to use DMP successfully, teachers
need previous experience or backjround in developmental lesrning theory,
active-learning math or science, or open classroom.teacning. (However,
if teachers already have such prerequisites,they may “ind this program
too constricting.)

Those teachers observed strecsed the workbook exercises, and their
approach to manipulatives was that students could use materiais only in
the prescribed, teacher-demonstrated way tu answer the teacher's questions.
Experimentation with materials was discourages. One teacher said she
doesn't allow students to touch the materials before she explains their
use, since "it would get too chaotic.”




The teachers were using the standard state texts in conjunction with
the DMP materials in order to prepare students for state achievement tests.
Consequently, the students were working at very advanced symbolic levels
before they had had the concrete experiences which DMP intends to be
prerequisite. However, the teachers commented that students enjoyed the
work with OMP much more than they enjoyed the work in the texts.

5.5 Project Funding

The development of DMP was funded by a grant from the U.S. Office
of Education, Department of Health, Education, and Welfare, augmented

with funds from the National Institute of Education and the National
Science Foundation.

5.6 Project Staff

DMP was developed by the staff of the Analysis of Mathematical
Instruction Project at the Wisconsin Research and Development Center
for Cognitive Learning as part of the IGE program. Principal Investi-
gators were Thomas A. Romberg and John G. Harvey, Project Coordinator
is James M. Moser, and Implementation Coordinator is Mary E. Montgomery.
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